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IN TBE UKIZTED STATES PATENT AND TRAPEMARK 0F7ZCE 
(Case No. P043O2C3C) 



In the Anplieatioa ott ) 




FAI^ALD ET AL. ) 


Groiup 




Art unltt 


Serial Not Continuation of 09/252,997 ) 






Be£ore 


Piled: JANUARY 27, 2000 ) 


Examiners 


Titles INTEGRATED CIRCUIT I/O USING A ) 




HIGH PERFORMANCE BUS INTERFACE ) 





^0 



Assistant Commissioner for Patents 
Washington r DC 20231 



POWER 07 ATTORNEY BY ASSIGNEE, 
REVOCATION OF AI<L PRIOR POWERS OF ATTORNEY 
AND 

CERTIFICATE DWPER 37 CFR 3.73 Ibl 



rii 

Sir: 



The undersigned » being empowered to sign this Power of 
«^ Attorney, Revocation of All Previous Powers of Attorney and 
{!! Certificate under 37 CFR 3.73(b) on behalf of Rambus, Inc. , the 
assignee of the entire right, title and interest in the above- 
Q referenced application, hereby revokes all prior powers of attorney 
and hereby appoints Neil A. steinbero. R fto. No. 34. with full 
power Of substitution and revocation to prosecute this application 
and to transact all business before the United States Patent and 
Trademark. Of f ice in the above- referenced application. 

Rambus* Inc., formerly a California corporation with a place 
Of business at 4920A El Camino Real. Los Altos, California 94022, 
certifies that it is the assignee of the entire right, title and 
interest in the above-referenced patent application by virtue of an 
assignment from zhe inventors, Michael Farmwald and Mark Korcwitz. 
The assignment of the parent patent application (Application Serial 
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No. 07/510,896) and all continuing and divisional application 
thereof to Rarobut; Inc. was filed on April 18, 1990 and recorded in 
the U.S. Patent and Trademark office at p^el 53^ 5. Frame p75 . 

The undersigned hae reviewed all the documents in the chain of 
title o£ the above -referenced application and, to the best o£ the 
undersigned's knowledge and belief, title is in Raxnbus, Inc., the 
assignee identified above. 

Please dir<sct all correspondence in the above-referenced 

X>atent application to: 

Neil A. Steinberg. Esq. 

Rambus Inc. 

2465 Latham Street 

Mountain View, California 94040 

Telephone: 650-944-7772 

Facsimile: 650-944-8080 

I hereby declare that all statements made herein of zny own 
knowledge are true and that all statements made on information and 
believed to be true; and further that these statements were made 
with the Icnowledge that willful false statements and the like so 
make are punishable by fine or imprisonment, or both, under Section 
-idOI of Title le of the United States Code, and that such willful 
false statements; may jeopardize the validity of the application; 
any patent issuing thereon. 



Date: 




Vice President 

Intellectual Property 
Rambus Inc. 
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IN TBE rKZTED STATES PATElTr AHD THAOBHARR OFFICE 
(Case No. P043D2C3C) 



Zn the Application of i 




PARMWALD ET AL. 


) Group 




} Art Units 


Serial No: Continuation o£ 09/252,997 






) Before 


Filedt JANUARY 27. 1999 


) Examiner! 


Title: INTEGRATED CIRCUIT I/O USING A 




HIGH PERPORKANCB BUS ZNTBRPACE 





'.J 



Assistant Commids loner for Patents 
Washington. DC 20231 



INQUEST TO APPROVE DRMmiG CHANGES 



Dear Sir; 

Applicants seek to amend Figure 10 to more fully reflect the 
discussion in the specification, specifically, page 55, line 12-16 
and page 58, lines 13-23. Attached is a photocopy of Figure 10 
witfh the proposed changes indicated in red. No new matter has been 
added. 

Applicants respectfully request approval of the proposed 
changes. A new Figure 10 which incorporates the changes is also 
attached, to hereto. 



Respectfully submitted. 



Date: January 27, 2000 




NexT A. Steinberg 
Reg. No. 34,735 
650-944-7772 
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XH THE l>tlITED STATES PATENT AMD TKADQSAIUC OFFXCB 
(Case No. P043D2C2C) 



In the Application oft 




FARMWALD ET AL. 


) Group 




) Art U&it: . 


Serial Not Contfjiuation of 09/252,997 






) Before 


Piledi JANUARY 21, 2000 


) Escaminers 


Title: INTEGRATED CIRCUIT I/O USING A 




HIGH PERFORMANCE BUS INTERFACE 





Assistant CommiGsloner for Patents 
Washington, DC 20231 



CROSS REFERENCE UNDER 37 C.P.R. §1.78 TO 

Dear Sir: 

The above-identified application may be related to the 
following application: 

Application No. 09/252,998. filed on February 19, 1999 
(Etill pctifiing) r Application No. 08/979, 127 , " filed November 
26, 1997, (now U.S. Patent 5,915,105); which is a continuation 
of Application No. 08/762,139, filed December 9, 1996 (now 
U.S. Patent 5,809,263); which is a continuation of Application 
NO. 08/607,780. filed February 27 . 1996 (now abandoned) ; which 
is a continuation of Application No. 08/222,646, filed March 
31, X994 (now U.S. Patent 5,513,327); which is a continuation 
of Application No. 07/954,945. filed September 30. 1992 (now 
U.S. Patent 5^ 319,755) ; which is a continuation of Application 
Serial No. 07/510,898 filed April 18, 1990 (now abandoned). 

Application No. 09/252,993, filed on February 19, 1999 
{still pending); which is a continuation of Application No. 
08/798,525, filed on February 10, 1997 (still pending) ; which 
is a divisional of Application Serial No. 08/710,574, filed on 
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September 19 « 1996 (now abandoned) ; which Is a continuation of 
Application Serial No. 08/469 » 490 filed on June 6, 1995 (now 
abandoned) ; which is a continuation of Application Serial No. 
0*7/847, 961 filed on March 5, 1992 (now abandoned); which is a 
divisional of Application Serial No. 07/510.898 f.lled on April 
18, 1990 (now abandoned). 

All of these applications are assigned to- the same assignee as 
the present application. 



Date: January 21, 2000 




Neil A. Steinberg 
Reg. No. 34.735 
703-787-9636 
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*^ ZH TBB 'UNITED STATES PATENT AND TRADEMARK OFFICE 

C REODE5T FOR FILING NEW UTILITY PA TENT APPLICATION DWPER 37 CFR 1. 

(Case No. F043D2C3C) 

To the Assistant Commission for Patents p^B^ 
Washington, D.C, 20231 — 

Sir: 

Transmitted herewith for filing under 35 O.S.C. 111(a) and 37 C.F.R. 
SI. 53(b) is a new utility patent application for: 

Title: INTEGRATED CIRCUIT I/O USING A 
HIGH PEREX>RHANCE BUS INTERFACE 

Inventors: Michael Farmwald 
Mark Horowitz 

O 

Iphis application is: a CONTINUATION APPLICATION of: 

nj ' 

,n Inventors: Michael Farmwald 
1^ Mark Horowitz 



Ser. No.: 09/252.997 Art Unit: 2818 



l-» Filed: February 19, 1999 Examiner: T. Nguyen 

*'vi Title: METHOD OF OPERATING A MEMORY 

|5 " 'HAVING A VARIABLE DATA OUTPUT 

'•^ LENGTH AND A PROGRAMMABLE REGISTER 



To effect the above-requested filing today: 

1. Attached is a copy of the prior application as originally 
filed, including; 

(X) Specification, Claims, and Abstract (125 pages) 

[Z] Drawings: 1 set of fozmal drawings having 14 ^sheets 

(XI Original Declaration and Power of Attorney (2 pages) 

2. Incorporation by Reference: The entire disclosure of the prior 
applicat:;on, from which a copy of the oath or declaration is 
supplied, is considered as being part of the disclosure of the 
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also revokes all other powers o£ attorney. Accordingly, 
kindly address all future communications to: 

Neil A. Steinberg, Esq. 
Rambus Inc. 

_ , , 2465 Latham Street. 

Mountain View, California 94040 

Telephone Mo. 650-944-7772 
Facsimile No. 650-428-0914 

4. The Exajniner's attention is directed to both the second 
paragraph of guideline (2) in MPEP 609 and to the last 
paragraph of MPEP 2001.06(b) and to the submission in the prior 
application of the Infonoation Disclosure Statements and 
document copies filed in Application Serial Nos. 09/196,199 and 
09/252,997. 

5. Attached is a PRELXMIMARY AMENDMENT which, among other 
Q things, cancels claims 1-150, and adds new claims 151-175. 
i,j . . This Preliminary Amendment is to be entered before fee 
- calculation. 



Hi 

: s 

nc . 

(BASro ON THE NUMElER OF CIAIMS AS FILED AND CHAWGED BY PRELIMINARY AMEHDMEm') 



6 . , FILINQ FEB 



jljBasic Fee • . . . . $ 690.00 

i;;*Additional Fees: 

^•J Surcharge for more than 20 total claims (5 * $18) s 90.00 

i!3 Surcharge for more than 3 independent claims (i • 78) . . S - 0 - 

Surcharge for multiple dependent claims • • • S «■ 0 - 

Total Piling Pee $ 780,00 

7. Manner of Payment: 

[ ] A checic payable to the Commissioner of Patents and 
TradomarlcB, in the amount of S is enclosed as 

payment of the Total Filing Fee. 

(XXJ Please charge nty Deposit Account No. '^O-O^Qfi in the 
amount of 5730.00 to cover the above fees. A duplicate 
copy of this sheet is enclosed. 
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(aoc) The Commissioner is here^ authorized to charge any 
£ees which may be required, or credit any overpayment 
to Deposit Account No.. 50-0998 . A duplicate copy o£ 
this sheet is enclosed. 



Date: January 27, 2000 




ceinber? 
Reg. Mo. 34,735 
650-944-7772 



I.J 

VI- 
I v 

i: 

o 

I'ii 



1:2 
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EXPRESS MAIL CERTIFICATE OF MAIUNG 



"Express Mair maHinji label number. EK1Q0209509US \ ^c^ 

DateolDepoaft: January 20. 2000 

I hereby certify that t am causing this paper or fee to be depostteO with the United States Postal 
Servloe 'Exjxress Mail Post Office to Addressee* seivloe on the date Indicated above and that thSa ia^I 
paper or fee has beet) addressed to the Assistant Commissioner for Patents, Washington. D.C* 
20231. 

MichOco Sites 



(Typed or prtnted narne of person mafflng paper or fee) 



(Signature of person mailing paper or fee) 

Tin/A^t-U c37. 2000 
Eined) ^ 



(Date signed) 
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EXPRESS MAIL CERTIFICATE OF MAILINQ 



•Express Mair malRng label number gK1 00209508US , 



Date of Oftpoftfr January 20. 2007 



I hereby eer% that I am causing this paper or fee to be depostted with Ihe United States Postal 
Service 'Express Mall Post Office to Addressee* service on the dale indicated above and that this 
paper or fee has been addressed to the Assistant Commissioner for Patents. Washington, D.C. 
20231. 



MlcWico Sites 



(Typed orprtnted name of person mailing paper or fee) 



(Signature of person maDing paper or fee) 
signed) ^ 



(Date 



ScffU/PttciM Nx: Not Assigned Ya Fittngnsm Date: Hcf cwiih 

Tiiir Method 4r0pmiins ■ Mmoty Hsvfnt i Variable Dita Outpui Lxnglh and a Ptotrammible tUgbter 

Any. DocktlNoJ PW3D2aC D«te Mailed; Jsmuiy 27. 2000 

TtM roOovHng bet bcio reetived li> (be M&, relenl & Trtdtmark OOkt on tbt dite itanped bertoo: 

D AmodmcDi/IUsponit (pp.) □ Pctitian for ExlcmiM of Time ( monih{B}) 

iSPielicunsjy Afnsndmeni O Infownciioo Disclonrt StCUimniU & FPU »449 

□ AppfiesUoD • Utfliiy ( pp^ with covtr and abstmi) □ Usua Fee TrsnsmittiJ 

6^ ApptkJOion - Rule I .S3(b) Continuttion (|Z^P(i ) Submbiion of Fonnil Dtewtnp 

□ AppUcttJO) - Rule I .S3(b) DiYtsiona) ( pp J □ Noiicc of Appee) 

□ AppUcaUoR.-lUilelJi(b)a?( pss.) □ Appeal Brtcr( pe>. In ulpKcMe) 

□ Applicstin . Rde I.S}(d) CPA ( pp.) □ Reply Brief 

□ Applie«iiM.PCr( pp.) □^ReapenKtoNotieeofMiiiiBtPtils 

□ Applkattoc • Pvwi^oaal ( pp.) t2'^Tn»mitta) Letter <in dopllcele) 
^Drtwtnp (14* lYtens) □ Fee TnAsmtaa) (m dupittue) 
JS DecianibB A POA ( 2^p.) ^ lionized Postcaid 
OAsiigiiineBI& Cm Sheet □ Ociiflctte of M^ing 
JSI P0<Mi of AOomey O Expreu Mail Na£l^l£tSZ(22£Q8e/S 



jdoibcr Crass Refcmitt Under 17 CF.R.^ I ' 
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XM THE VtaVZD STATES PATENT AND TRAOEHASK OFFICE 
(Case No. P043D2C3C) 



In. . tho Appl Icati on oft 

PARMWALD ET AL. 

Serial Not Continuation of 09/252,997 

Filed: JANUARY 27, 2000 

Title I INTEGRATED CIRCUIT I/O USING A 
HIGH PERFORMANCE BUS INTERFACE' 



Group 
Art Unitt 

Before 
Examiner! 



'.5 

.',3 

ru. 
•:c- 



Assistant Commissioner for Patents 
Washington, DC 20231 . . 

PRSLXKZNARY AKDCNDMEOT 

Dear Sir: 

Prior to the examination of the above- referenced application* 
kindly amend the application as follows: 



i:3 



Please delete the Abstract of the Disclosure and substitute 
the attached AJtfStract of the Disclosure. 



-i Please..del^.J:he...CitIe and. g.i^tftute r/METHOD OF OPERATING 

. L ^ft^MEMORY DEVICE HAVING A VARIABLE DATA INPUT L5iGTH_7C - 



TO TOE SPECIPICATIOW: 

Otijp^q^ X, line 8 

of Application No. 



r insert -/-This application is a continuation 
09/252,997 ( otill pendin g), which is a 

i , .A 
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rontinuation of Application No. 09/196,199, filed on November 20, 
1998^ <- otill ponding ) , which is a continuation of Application No. 
08/798.520, filed on February 10, 1997 (nowU.S. Patent 5,841.580); 
which is a division of Application No. 08/448,657. filed May 24, 
1995 (now U.S. Patent 5,638,334); which is a division of 
Application No. 08/222,646, filed on March 31. 1994 (now U.S. 
Patent 5,513,327); which, is a continuation of Application No. 
07/954,945, fiXed on September 30, 1992 (now U.S. Patent 
5.319,755); which is a continuation of Application No. 07/510. 898> 
filed on April 18, 1990 (no w abandoned) ^ 



On page 3, line 9, delate "micro-processor" and substitute 

a 

,j — microprocessor — . ^^^^ ^ 

"5 On page 6, line 1, delete M, 646. 279' and substitute 

I'D 

I5 —4,646.270". 

On page 10^ line 16. delete "Figure 7 shows* and substitute 
--Figures 7a and 7b show — . 
jij! On page 10. line 21. delete j;F?.gure 8 shows* and svbstitute . 

1^ Figures 8a and db show». 

»I2 On page 34. line 4, after "devices* insert —do--. 

On page 41. line 1. delate "or' , "and substitute -- or—. 
On page 45, line 17, dele'te "Fig. 7" and substitute —Figures 
7a and 7b — . 

On page 47. line 2, delete "Figure 8" and substitute 
— Figure 8a — 

On page 47. line 5, delete 'from left to right* and substitute 
— from right to left — , 

On page 47. line 8, delete •right" and substitute --left—. 
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On page 47* line 9, delete the first *le£t* and substitute 
—right — . ^ 

On page 49# line 22 « delate 'primay* and substitute 
— primary — . 

Oh page 54. line 13, delete "70" and substftuTe --69 — . 

On page 56, line 2, delete 'Pigurell* and substitute 
—Figure 11 — . 

On page 60, line 10, after '•14T insert —A. B— / 



IN TBB CIAZHSl 



Kindly cancel claims 1-150, without prejudice. 




the following claims-. 



A method of controlling a memory device, wherein the 
jricludes a plurality of memory cells, the method of 
nemory_dev.ice comprises:^ - 
/ providing Cir^t block size information to the memory device, 
wherein the first blo^k size information defines a first amount of 
data to be input fay l^e memory device in response to a write 
request; £uid 

issuing a first write r&auest to the memory device, wherein in 
response to the first write r^est the memory device inputs the 
first amount of data correspok^ding to the first block size 
information. 
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I The method of claim ^e^^^Iicl^in the memory device inputs 

l^he first amount of data -Synchronously with respect to an external 
3 r cloc 



1 153. The method of claim XSl further including: 

2 providing eecond block s^e information to the memory device. 
^t^i wherein the second block ^jLzfi information defines a second amount 

\^ of data to be input by /!j4/"®"**^'V device in response to a write 

5»f^ request; and 

51^ issuing the second w^^e request to the memory device, wherein 

■7 in response to the second write request, the memory device inputs 

Ii:3 / 

B.3 the amount of data corresponding to the second block size 




9.3 information. 



claim^iSl ^>tfhereix 



The msthod of claim^,^2r^ >tfherein the first block size 
information and the first write -'request are included in a request 

packjet.«.» ^ - _^ 

> 

The method of claim >y4 wherein the first block size 
information and the first write request are included in the same 
request padcet. 

156. The m«>thod of cl^i;©v3751 further including providing 
the amount of data corrqspjbnding. to the first block size 
information to the memory de\^ce. 
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157. The wenhod of/ejlJbiin 156 wherein the data is provided to 
the memory device af t^r^^^J^elay time transpires. 



The method of claim 




the delay time is 
es of a clock signal. 



The method of claim 
representative of a number of clock 

/ 

1 wherein OJ^f^rst block size 
information is a binary representation of th^jmount of data to be 
input in response to the^first write request. 

b^. The method of claim >51 wherein the first amount of data 

corresponding , to the first block size information is input 

y 

synchronously during a plurality of clock cycles of the external 
clock siofial. 



161. A method of operatioz/ of a memory device; wherein the 
memory device includes a plurality of memory cells, the method of 



-operatiofi^of the meitiory 

receiving first bl^ck/ si 
wherein the first bloc 
data to be input by 
request; 

receiving a first 



the 



comprises: - - - 

e information from a bus controller, 
^information defines a first amount of 
(mory device in response to a write 



te request from the bus controller; and 
inputting the f irst/amount of data corresponding to the first 
block size information /in response to the first vnrite request. 
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1S2, The method of claim 16^ wherein the data corresponding to 
the first block size inforroadion is sainpled synchronously with 
respect to the external clock /signal. 

163. The method of Jlaifm 161 further including: 

receiving second /bld^size information, wherein the second, 
block size informatioh ApAnes a second amount o£ data to be input 
in response to a second write recjuest; 

receiving a second Arrite request from the bus controller; and . 

inputting the amount of data corresponding to the second block 
size information, in response to the second write request. 




^ The method of claim ^\ wherein^ahe first block size 
information and the first write request ^e included in a request 



packet . 



The method of cXalm 2:334 . wherein the £irst block size 
-infennation- and-she' first write request ere "included in the same 
request packet. 



1 The method of claim^^jjg^ wherein the first block size 

2 information is a binary representation of the first amoxmt of data 

3 to be input in response to the first write request. 



i 

ySs . The method of claim MTl 



1 ' T**© method of claim 1)61 wherein the first amount of data 

2 corresponding, to the first block size information is input 

/ . 
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synchronously during a plurality of clock cyc^s of an external 
clock signal. 

^. The method of claim J^l fu^er including generating an 
internal clock signal using a d^e^y locked loop and an external 
clock signal wherein the first ^ount of data corresponding to the 
first block size informatiorx'^s input synchronously with respect to 
the internal clock signal 




^oa o£ claim 



. The moth^ o£ claim further including generating 

first and second' internal clock signals using clock generation 
circuitry and an external clock signal wherein the first amount of 
data corresponding to the first block size information is input 
synchronously with respect to the first and second internal clock 



signa 



TheSjnKthod of claim 

A 



^ ^ ^ wherein the first and second 

internal block sr^B^i^'s are generated by a delay lock loop. 

method of operation of an integrated circuit, wherein 
sd circuit includes a memory array having a plurality 
't memory cellSy the method of operation comprises: 

receiving bipck size information, wherein the block size 
information defines \i first amount of data to be input ■ fr o m a bua^ 
in response to a write\:equest; 




receiving a first wri4:e request; and 
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8 Inputting th^irst amount of data corresponding to the block 

9 size information in Response to. the first vnrite request. 

' '^rrj. The method of claim 1-^ fur^tfier including storing the 

first amount of data corresponcun|[,.« the block size information in 
the memory array. 

The methpd of claim ^ wherein the block size 
information and^he first write request are included in a request 
packet . 



17 4. The method of claim 11^1 wherein the first block size 



f claim Iff! 
rfepr/eserftat 



information is a binary rfeprjesentation of the first amount of data 
to be input in response /to /the first write request. 

175. The method of 'tlfaim 171 wherein the first block size 
information is provided hp a controller. — 



This Preliminary Amendment seeks to place this application. in 
condition for allowance. This application is a continuation of 
Application No. 09/252,997, which is a continuation of Application 
No. 09/196,199. Application Serial Nos. 09/252 , 997 and 09/196 , 199 
are pending. 

Page 8 
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Applicants rec[uest priority to Application Serial No. 
07/510,898, filed April 18, 1990, now abandoned. Applicants 
request such priority through . Application No. 09/252,997 (still 
pending), which is a continuation oi Application No. 09/196,199. 
filed on November 20. 1998 (still pending) . which is a continuation 
of Application N-o. 08/798.520, filed on February 10. 1997 (now U.S. 
Patent 5.841,580); which is a division of Application No. 
08/448,657. filed May 24, 1995 (now U.S. Patent 5, 638. 334) ; which 
is a division of Application No. 08/222.646. filed on March 31. 
1994 (now U.S. Patent 5.513,327); which is a continuation of 
Application No. 07/954.945. filed on September 30, 1992 (now U.S. 
Patent 5,319,75)5); which is a continuation of Application No. 



•.3 07/510.898, filed on April 18, 1990 (now abandoned) . 

ru 

.J Accordingly. Applicants claim the benefit of the filing date 

yij of Application Serial No. 07/510,898 i.e.. April 18, 1990. The 
Q specification has been amended to identify the continuation or 
''^ related U.S. application data identified above. Mo new matter has 
been .added-rr-' — ; . • ^t - - 

In this continuation application, Applicemts present new 
claims which set forth novel and unobvious features o£ Applicants' 
invention. Applicants suljmit new claims 151-17 5 to more fully 
protect the in{:tant invention. No new matter has been added. 

The newly 3u)3mitted claims are believed to be fully supported 
by the specification see. for example, Figures 2 and 10-13; page 
14 « line 3 to page 15, line 2; page 15, lines 18 to page 16, line 
••7; page 20, line 20 to page 21, line 20; page 2 3-; Tine b to page 
24-r"l.iaa. 2 ; page 27, line 23 to page 28. line 20; page'"«e^."""Tine"*19 

Page 9 
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to page 48; -line 17: page 53« line 23 to page 59. line 2; page 71, 

line 23 to page 72. line 21, page 73, lines 20 co page 74, line 31; 

and page 115, lines 10-22. 

"AppTicahts have also amended tHe specif icat ion "to correct 

obvious spelling, typographical and granonatical errors. No new 

matter has been added. 

In addition, a new Abstract of the Disclosure is attached 

hereto. No new matter has. been added. 

Finally, accoznpanying this Preliminary Amendment is a Request 

to Approve Drawilng Changes. In that Request, Applicants seek to 

amend Figure 10 to more fully reflect the discussion in the 
i3 specification, in particular, page 55, lines 12-16 and page 56, 
• 2 lines 13-23. The proposed changes are indicated in red. No new 
,j matter has been added. Applicants respectfully request that the 
j-n Examiner approve the proposed changes to Figure 10. A new Figure 
jlj 10 which incorporates the changes is also attached to the Request. 

it 

'•^ Applicants, request entry of the foregoing amendment prior to 

examination of this application. Applicants submit that all of the 
claims present patentable subject matter. Accordingly, Applicants 
respectfully request allowance of all of the claims. 



Resect ful ly -submi t ted. 



Date: January 27, 2000 




Neil A. Steinberg 
Reg. No, 34I735 
301-229-7706 
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IN THE 1RTITED STATES PATENT AND 7BADEMARK OFFICE 
<Cdse No. P043D2C3C) 




Xn the Application of: 




FARMWALD et aX. 



Serial Ko: 09/492,982 



Group 
Art Unit: 



Filed: JANUARY 21, 2000 



Before 
Examiner: 



Title: INTEGRATED CIRCUIT I/O USING A 
HIGH PIIRFORMANCE BUS INTERFACE 



Assistant Coinini:i9 loner for Patents 
Washington, DC 20231 



IKFOBMATION DZSCLOSURS STATEMENT 



Dear Sir: 

In con^liance with the duty of disclosure set forth in 37 C.FlR. 
SI . 56, submitted herewith is a modified Form PTO-1449, including a copy 
of all of the documents cited therein -- except for those references 
which were provided or cited during the prosecution of App. S/N 
09/252,997 to which prior i-tiy is^cl'aiiftuu (See' ^^"CTF "§1 . 93 W ) : 

It is believed that the Examiner may find the docximents cited in 
the modified Form PTO~1449 material to the patentability of one or more 
of the claims in the above-captioned application. Accordingly, it is 
respectfully requested that the Examiner make his consideration of 
these references formally of record with the initial oflfice Action. 



Date: February 28, 2000 




Neil A. Stelrjberg, Esq. 
Reg. No. 34,735 
(650) 944-7772 
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vrt. 23 No, 5. rP 1 1 IB-1 128 (On I990> 
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IN TTIE UNI . ^ STATES PATENT AND TRADEMARK OPrlCE 
(P0043D2C3C) 



In re Application of: 


! 




FARMWALDETAL 








Art Unit: 


Serial No; 09/492.982 ' 


- # ! 




Filed: JANUARY 27. 2000 




Examiner; 


-ntJe INTEGRATED aRCUm/0 USING A HIGH ) 




PERFORMANCE INTi^FACE 







Commissioner of Patents and Titidemarks 
Washington. D.C 20231 

Dear Sir. 

With respect to the above-Identified application, transmitted herewith Is an INFORMATION DISCLOSURE 
STATW^WT- 



Fees: 


• Submission of Infonnation Disclwure Sutcmem under 37 CFR § 1 .97(b) 




SO 




TOTAL TIL DUL 


so 



I ] A check payable to the Commissioner of Patents and Trademarks. In the amount of 4 
payment of the Total Fee Due. 



.Is enclosed as 



I ] PieasecharBemyDeposltAccountlstoSIHiaffilntheflmnimf n f <34aoo togovertheahnygf^P^ a rfimhr«t^^/t,y 
ofthls sheet Is enclosed. 

ommissionerfeherelyautfiorizedtochaiTgcanyaddWonalfeeswhlchrnaybe^^ 
overi>aymer)t to Deposit Account No. SO-floyR a duplicate copy of this sheet is enclosed. 



Date Februaiy28.2000 




NeilAStelnbef^ 
Registration Na 34.735 

650-944-7772 



RECEIVED 
APR 0 3 2000 

TECHH01JDS»CBnB«2800 
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THE UNITED STATES PATEMT AND TRADEMARK OFFICE 
(Case No. P043p2C3C) 



In the Application of: ) 


.N .. •/ 


FARMWALD.ETAL. . . A - >- 




Serial No.: 09/492,982 I |l ) 


RECEIVED 


Filed: JANUARY 27. 2000 ^^^^m^^s^ ) 


APR 032000 


Title: INTEGRATED CIRCUIT I/O USING A ) 
HIGH PERFORMANCE INTERFACE ) 


^^°<NOU)6YCarTER280O 



Assistant Commissioner for Patents 
Washington, DC 20231 



Certificate of Mailing Under 37 CFR 1.6 

I hereby certify that the attached 1) Transmittal of Information Disclosure 
Statement (1 page and 1 copy thereof), and 2) Information Disclosure Statement 
(6 pages and documents cited In IDS) is/are being deposited with the United States 
Postal Service with sufficient postage as first class U.S. mail in an envelope addressed 

Assistant Commissioner for Patents 
Washington. D.C. 20231 



on February 26. 2000. 



(Signature) 
Michiko Sites 



? 0«i ... "-^-o- 



(Print Name of Person Signing Certificate) 
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UNITED STATES DEPARTMENT OP COMMERCE ^3 
Patent and lyademark Office 

Address: COM^ONEn OF PATENTS AND TRADEMARKS 
WbsNnQkm. DjC 20231 



I AppucAnoNNg i nLpSnwre 1 first named owewtor | wtowiey oocwETHa j 

09/492.982 01/27/00 FARWWAI-D W P043D2CdC 



n MmCl/0519 ~l [ 



Neil A Sbcklnbero Esq NGUYEN.T 

Rambus Inc | aRTUNIT | paper NUMBEH 

2465 Latham Street ' ' f 

Mountain View CA 94040 281© 

0*tE MAILED: 05/ 19/00 



Plaase find below and'br atteehed an Office communication eoneemlng thla application or 
proceeding* 



CommttelonBr of Patents end IVademarkB 
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I 



Office Action Summary 



AppiBcation No. 




7^/0 / . A^^-^^y^/o 


Group Alt Un!l 





— Pia MAIUNQ DATE at thin communication appears on tha cover aheet beneath Via eorrasponaenea aifclrsss— 

-3- 



_MOriTH(S) FROM IHE MAIUNQ DATE 



Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 
OF THIS COMMUNICATION. 

- Exiimritxtt of tbm iwy be iivaaablo undw 

hwi> 9*0 mtJOnQ date thb uo mwuhtefl aoiL . ^ 

- n partod tor rwV «P««*^ •'•^ •» Irtriy (3q) dayfc a »^ 

- tf MO iwtod tor fMly b tpocned aha*. tuA podod th^ 

- FimnMB wp^ *iWn ma •« Of eaamM pwtod iw «ply i«. ^ 



status 

O^sponsNe to communleatlon(iO fBed on. 
a Thia acUOA FINAL. ^ 

O Since thli appDcatJon b In condBton for aHowanoe except tor formal manetB, proaecullon as to the meriu Is doaed In 
aooordanoe with Ihe practice under Ex patta Quayle, 1 935 CD. 11; 453 O.Q. 213. 



DIspeslUon of Clalme 



Of the above dalin(s). 

O aalm(e) 

□ aahniay: 



D Qalm(s). 
□ Clalm(s)- 



□ See the attached NotJca of OraRsperson's Patent Drawing Review, PTO*946. 
i^ThQHipaQaaddiawtanepffaettan.fBadiin ^tfXf/cP ia eTappRived OdifiappraWDd. 

□ The diawlnota) mad on la/bre otajeded to by the Examlnsr 

O TVio spedflcatlon Is oblacled tc by the Examiner. 

O The oath or dedaratJon b objected to by (he E)camlner. 
Priority under 35 U^.C. & 118 (aH^ 

□ AcknowledgmGnt is made of a dalm for forol^n pHoHty undar 35 U.S.C. § 11 0(a>'(d). 

Q AO OSome* ONona of the CERTIFIED copies of the priority documanla have baen 
□ received. 

Q racalvad in Application No. {Series Coda/Serial Numbati 



. b/are pending In the applicallon. 

- te/are withdrawn from consMer&tion. 

.te/areallewed. 

. Is/ara rajacted. 

-b/are objected to. 

.are subject to restriction or election 
reqtilremcnL 



□ lecetved In thb national etaie af^illcatlon Irom the International Bureau (POT RUlo 1 7.2(a)). 

•Certified eepiee not recahred;^ 

Attachment(8) 



^Information Dbdoaura Statem»nt(6), PTO-1449. Paper w^fi) j 
^Notice o1 Roference(o) Clled. 1^0892 
D Notice of Draftsperson'a Patant D^wirig Review. PTO-M8 

Offloe Action Sitimnary 



a intervfew Summary, PTOma • 

□ Notice of InlbnnBl Patent Application. PTO>1S2. 

O Other 



PTO-33S<l^ft«n 



iQlPaoerMn. ^ 
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1 . The Preliminary amcndmeni filed by Applicants on Januaiy 2*7. 2000 has been received. 

2. Thu Intormation Disclosure Statemeni submitted oa March 2. 2000 has been received and 
fully considercil. 

3. The iuirisi.'iiiit()r\- double pateniinu: rejcciion is based on a judicially created doctrine 
grounded in public policy (a policy retleaed in the statute) so as to prevent the unjustified or 
improper ti^)L-^^-tNc cstcnsion of the "right to csctude" granted by a patent and to prevent possible 
harassment by nuilriple a:>signecs. Sec /// rc i Intnlnian. 1 1 FJd 1046. 29 USPQ2d 2010 (Fed. 
Cir. 199.^). /// /V l.oti}:!, 759 F.2d 887. 225 USPQ W5 (Fed, Cir. 1985): In re Van Omum, 686 
F.2d 937. :i4 rSP0 7hl (CCPA 1982): //i/v /Vij.f/.422 F.2d 438. 164 USPQ619(CCPA 
I970);ai»d. in /v /'hnrhty/niK 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A liniuiy tiled terminal disclaimer in compliance with 37 CFR 1 .32 lO may be used to 
overconie-Hn acuuil or provisional rejection ba^d on u nonstatutory double patenting ground 
provided ihc Lontlictinu application or patent is shown to be commonly owned with ttus 
application. Sec .»7 CFR 1 . 130(b). 

FiVectivc Jnnuary I. 1904. u registered attorney or agent ofreciird moy sign a tenninal 
disclaiuKT A tcrminnl disclaimer signed by Ihc iissigncv nwsi Hilly comply with 37 CFR 3.73(b). 

4. Clainjs l.>*>-!60. 1M.|67. 1-175 arc rejected under the judicially created 

'^V,''.-.!:-: litlici'.rtng over^ctaims 2-5. 13," 20-23. 29 of U." S. Patent No. 6,034,9 IS'since' ''' 
the clainK H alUiucd. v. oiild improperly extend the "right lo excUidc" already granted in the 
patent. 

The suhjcci mailer claimed in the infant application is fully disclosed in the patent and is 
covered by the p;ncnt since ihc pateni ;iihl the application arc claiming contmon subject matter, as 
follows: 

Claims :.5. f .V MOj. 29 oft- S Fatem No (1.104.918 recite first block size informaUon 
and second iilinJ* si/.c inlormaiion witicii delii,* j lirsi :ind second amotml of data lo be input by 
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the memory device in rciponsc to a t'lrsi and second wrtie request, the tirsi block size information 
and the firsi write request are included in a same retiucsi packet. 

Funhci morc. llwre is no apparent reason why applicant was prevented from presenting 
cl»ms w»rrcs|Hiiiilini|i lii ihosc of the iiisiani application during prosecution of the application 
which matured into a pr.tent. Sec /// rc .VtW/cv, 397 F,2d 350. 158 USPQ 2)0 (CCPA 1968). 
SccalsoMPh*l'5iS(M. 

5. C hiiiMs I5y-15N. 108-170 ate icjccicil under the judicially created doctrine of obviousness^ 
type dout)lc piiieuiinu; as being unpuicntable ii\ er tinims 16-17 and 33 of U.S. Patent No. 
6,034,9 IX. Altliimiih the confliciinti ehiims are noi identical, they arc not patemably distinct from 
each other liceunse claims 157-1 and lott- 1 ?u of the |)resent appticiiiion claiming step of 
generating! imernal clock signal usin^ delay locked loop and an external clock signal for an input 
operation, while claims*'l6-i7*aiid 33 of U!s7^l*aiTn!' No.'l5,634.9 1 8"d^ step of generating an 
internal clock sivLnul tor an output operation. 

li would liiive been obvious lo a person ot'oriliiuiry skill in the an at the time the invention 
was made lo nioitily the method ofcunirolliny the maiKtry device of U.S. Patent No. 6,034,918 
by genenitittu iln* inicnial clock sluiial lor hoili input and output o|H:nitioiis. 

The rationale is. as follow: A person ol'ordiiiaiy skill in tlie an would have been motivated 
to use the simie eontponents to genuntte internal cU)ck .siynal for both input and output operation 
to simpltlv thi- riri'uitn.' t il* ilte nicnioiy Je\ wx- 
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Applicatioii/Control Number; Page 4 

Art Unit: 28IK 

6. Any inquir)' coiiotrming this coniniiintcaUiMi or earlier coinniiinicntions from the examiner 
should be tli reeled to Tan T. Nguyen whose lelcphone number is (705) 308-1298. The examiner 
can normally be reached on Monday to Friday from 08:00 AM to 04:00 PM. 

!(' nttenipis to rench the examiner by lelcphiHtc are unsucccssfuK the examiner's supervisor, 
Mr. David C Nchns, cuti be reached on (703) 308-49 10. The fax phone number for the 
organization where thi.«: application or proceedini; is as»i;ned is (703) 308-7724. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be direciud to the receptionist whose telephone number is (703) 308-0956. 




Tan T. Nyipyen 

Art Unit 2818 
May 17. 2000 

T.N 

05/l7/2(««J 
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m THB TOITBD STATES PATENT AND TRADEMARK OPPICB 

(Case No. P043D2C3C) 



Applle&tloa o£s 

FARMWALD et al. 

Hot 09/492, 982\. 

JANUARY 27. 2000^^ 

METHOD C'F OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT L3NGTH 



Group 
Art miit: 2818 

Be£ore 

inert T. Nguyen 



Assistant Commissioner for Patents 
Washington, DC 20231 

RECEIVED 

Z29FORMATZON DISCWDSOTE 6TATEMEMT ^ ^ ^Qgjj 

THCKNOLOCYCEWTER2800 

Dear Sir: 

In compliance with the duty of disclosure set forth in 37 C.F.R. 
§1.56, subanitted herewith is a modified Form PTO-1449, including a copy 

. . , of a 1 1 o f the do curnen t s 1 i s t ed th er e i n r ,^ :Ir- a ccordane^ wi tl*- Zl C . F . ?. . • 

51 •97(c), the fee set forth in 37 C.F.R. Sl-17(p} accoinpanies this 
statement. 

Several of the documents listed in the PTO-1449 have been recently 

identified by a respondent in a pending ITC investigation, namely in re 

U.S. International Trade Commission Investigation No. 337-TA-431. 

Rambus Inc. vs Hitachi Ltd.. et al . . as prior art against the 

inventions claimed in the parent patent (i.e. , U.S. Patent 6,034,918} 

of the instant application. An explicit reference to these documents 

is made in paragraph 17 on page 28, as *^cll as in Exhibit A, of the 
06/07/2000 SBUQXB 00000023 500998 09492982 
03FCI12& 2M.O0a 
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RESPONSE OF HITACTI LTD. TO THE COMPLAINT AND NOTICE OF INVESTIGATION 
(hereinafter the 'RESPONSE" ) . A copy of the RESPONSE is also suhndtted 
herewith. 

It is respectfully requested that the Examiner make his 
consideration o^ these references formally of record with the next 
Office Action. 
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ZN THE UNZTED STATES PATENT AND TKADEHARK OFFZCS 

(Case No. p043D2cac) 



Applicatior; o£: 

FAJ^MWALD et al. 

No: 09/492.982 

Filed: JANUARY 21. 2000 

Title I METHOD OF OPERATING A MEMORY 
DEVZCE HAVING A VARIABLE DATA 
ZNPUT LENGTH 




Group 

Art Units 2818 
Be£ore 

Examiner: T. Nguyen 



Assistant Cotnmiatsioner for Patents 
Washington, DC 20231 



ZNF01U1ATZ0N DZSCLOSURE STATEHEMT 

Dear Sir: 

In compliance with the duty of disclosure set forth in 37 C.F.R. 
§1,56, submitted herewith is a modified Form PTO-1449, including a copy 
of all of the documents listed therein In accordance with.37.C.F. R._ 
^§1. 97(c), the' fee set forth in 37 C.F.R. §1.17(p) accompanies this 
Statement. 

Several of the documents listed in the PTO-1449 have been recently 
identified by a respondent in a pending ITC investigation, namely in re 
U.S. International Trade Congni ssi on Woehi oah^ -^^n.^y^^^^'*!! 
Rambus Inc. vs Hitachi^ Ltd. . et ^i.. as prior art against the 
inventions claimed in the parent patent (i.e., U.S. Patent 6, 034, 918) 
of the instant application. An explicit reference to these documents 
is made in paragraph 17 on page 28, as well as in Exhibit.A, of the 
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RESPONSE OF HITACHI LTD. TO THE COMPLAINT AND NOTICE OF INVESTIGATION 
(hereinafter the •RESPONSE" ) . A copy of the RESPONSE is also submitted 
herewith. 

It is respectfully requested that the Examiner make his 
consideration of these references formally of record with the next 
Office Action. 

ResBectfully submitted. 




Date: June 2. 2000 

^ A. Steinberg 
Reg. No. 34,735 
650-944-7772 
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UNnXD STATES INTERNATIONAL TRADE COMMISSION 
WASHINGTON, D.C 



Before The Hooorablc Dcbra Moniss 
Admiotstrative Law Jadge 



Id the Matter of: 

CERTAIN SYNCHRONOUS DYNAMIC 
RANDOM ACCESS MEMORY DEVICES. 
MICROPROCESSORS, AND PRODUCTS 
CONTAINING SAME 



Investigation No. 337-TA- 43 1 



Rf ISPONSE OF HITACHI* LTD. TO THE COMPLAINT 
AND NOTICE OF INVESTIGATION 



Jerold S, Solovy 
Donald K. Hanris 
Ronald LWanke 
Barbara S. Sleiner 
JENNER& BLOCK 
One IBM Plaza 
Chicago, Illinois 60611 
(312)222-9350 



Alan H. MacPherson 
Edward CKwok 
Biyan K. Anderson 
SKJERVEN, MORRILL, 

MACPHERSON, 
FRANKLIN A FRIEL LLP 
25 Metro Drive, Suite 700 
San Jose, California 95110 
(408)453-9200 . 



Donna M. Tanguay 
Mark G. Davis 
McDERMOTT^WUXft 

EMERY 
600 1 3lh Street, N.W. 
Washington, D.C. 20005 
(202)756-8000 



RESPONSE TO THE COMFLMrq: 
Respondent Hitachi, Ltd. (•'Hitachi") submits its Response to the 
Complaint, the letters amsnding the Con^Iaint and the Notice of Investigation as 
follows. 

Hitachi states that it has not yet had sufScient time and opportunity 
to collect and review all of the infcmnation that may be relevant to the matters 
raised herein and fUnfaemiore that discovery of Comptunant and third parties has 
only Jnst bej^ Accordingly, Hitachi reserves the right to take further positions 
and raise additional defenses subsequent to (he filing of this Response. 

L irrrRODucnoN 

1 .1 . Hitachi admits that Rambus Inc. f'Rarobus*^ has requested 
the U.5. Ihteniational Trade Commission to commence an investigation pursuant 
to section 337 of the Tariff Act of 1930, 19 U.S.C. § 1337 (aXl)(B)(i}, and that 
Rnmbus has requested remedies tmda the statute. Jffitachi d^ 
conduct, and denies that either the action or any remedy is warranted. Except as 
expressly admined herein, the allegations contained in paragraph l.l are denied. 

1 2> Hitachi denies the anegations contained in paragraph 1 .2. 

1 .3. Paragraph 1 J was amended by Rambus' letter of April 4, 
2000 and Hitachi's answer is to the paragraph as amended. Hitachi admits the 
allegations contained in the first sentence of paragraph 1.3. Hitachi admits that 
the '918 and * 1 95 patents idenli^ Rambus as ''assignee.'* Hitachi lacks suCHcient 
information to form a belief as to the truth or falsity of paragraph 1.3's allegation 
that Rambus "owns by assignment the entire right, title and interest in and to these 



pateots,** and therefore denies those allegations. Hitachi admits that Exhibits 3 
and 4 contain certified copies of recorded assigoments of an application filed 
April 1 8, 1 990 for 'Integrated Circuit VO Using a High Pcrfoimance Bus 
Intexfice." Hitachi states that the legal effect of such assignments on the *918 and 
' 195 patents is a matter of law for the Commisaon. Except as expressly admitted 
herein, the allegations contaned in paragraph 1.3 are demed. 

1 .4. Hitaehi denies the allegations contained in paragraph 1 .4. 

1 S, Hitadsi admits that Rambus seeks the relief described in 
paragraph 1.5. but denies that such relief is warranted Hitachi denies the 
remaining allegations of paragraph 1 5. 

IL coyiFLAiNArrr 

2.1 . On information and belief Hitachi admits the allegaitions 
contained in paragraph 2. 1. 

22. Hitachi admits the allegations contained in the first 
sentence of paragraph 2.2. Hitachi lacks sufficient information to fomi a belief as 
to the truth or falsity of ihc allegations contained in the second and third sentences 
of paragraph 2.2, and therefore denies those allegations. Hitachi denies the 
allegations contained in the fourth sentence of paragraph 22, 

2 J. Hitachi admits that attached as Exhibit S is a document that 
purports to be Rambus* annual report for 1999. 



m. PROPOSED RESPONDENTS 

3. 1 . Hitachi admits the allegations contained in the fint 
~ . sentcnce.ofpsrBgraph 3.2. -Hitachi admits that it is.in.the busmess.cf 

manu&ctariflg and seOing semiconductor devices, including SDRAMs and 
microprocessots, inchtding products bearing the numbers identified in paragraphs 
42 and 43 ofthe Complunt^ Hitachi further admits that it sells SDRAMs and 
micrqprocesioxB Ibr in^Kntation into the Umted States Hitacku admits that it sells 
certam SH-4 microprocessors to Sega Enterprises, Ltd. for incorporation mto 
Sega'sDreamcast video game consoles. Except as expressly admincd herein, the 
allegat'ons omtained in paragraph 3. 1 are denied. 

3.2. Hitachi admits the allegations contained in the first 
sentence of paragraph 3^; and admits that Hitachi Semiconductor (America) Inc. 
C1ISA*0 is a subsidiary of ffitachi America, Ltd. and is in the business of 
importing into and selling in (he United States Hitachi SDRAM devices and 
mfcroprocessors. Hitachi dem'es the allegations contained in the third sentence of 
paragraph 3 J:. Except as expressly admitted herein, the allegations contained in 
par3graph3.3 aredem'ed. 

3.3. Hitachi admits that Rambus and Hitachi. Ltd. entered into a 
semiconductor Icchnology license agreement on October 30, 1992. and certain 
amcndmcnis iind addenda thereto, including a royalty agreement, dated 
Februaiy 8, 1995. June 28, 1996>pril 27, 1998, June 1, 1998 and November 12, 

1/ Hitachi denies the allegations contained in the first and second sentences 
of footaotc 1. Hitachi lacks sufficient information to form a belief as to the truth 
or falsity of Uic allegations contained in the third sentence of footnote I. 



1998. Hitadu admits that copies of the license agreement^ its amendments, and a 
royalty agreement arc attached as Confidential Exhibit 7, and Hitachi refen to 
those agreements for their complete aad accurate contents. Except as cxpre5sly 
admitted bersia, the allegations contained in paragraph 33 are denied. 

3.4. Hitachi admits that Sega Entaprises. Ltd. is a Japanese 
coxpoxatioa; admits that Sega Enterprises, Ltd. manufactures and sells 
Dieuncast*' video game coxisoles; and adsuts that Dieamcast video game 
consoles contain Hitachi SH-4 micropiocessois. Hitachi lacks sufficient 
infozmatioQ to rorm a belief as to the truth or falsity of the remaining allegations 
contained b paragrqih 3.4, and therefore denies those allegations. 

3:5. On inforaiation and belief; Hitachi admits that Sega of 
America is ti California corporation. Hiuehi lades sufficient infonnation to fomi 
a belief as U> the truth or falsity of the allegations contained in paragraph 3.5, and 
therefore deaies those allegations.. 
IV. THI&PRODVCTS AT ISSUE 

4.1. Hitachi admits that the Notice of Investigotion specifies 
that the investigation concerns **ccrtain synchronous dynamic random access 
memojy deuces, microprocessors* or products containing the same " without 
infbnmadoo sufficient to form a beh'ef as to the identity of each specific product 
accused of iofiinging each specific asserted claim, as well as Complainant's 
asserted constrvctioo of each allegedly infringed claim element, and therefore 
Hitachi denies those allegations. Except as expressly admilicd herein, the 
allegations contained in paragraph 4.1 are denied. 



4^. HiiacM admits that this imgraph purports to give a gcneid 
descriptioii of on SDRAM but denies that it is a complete desciiption or 
definition, god rese rves <bg right to mo re fully describe and define an SDRAM. 
Hitachi admits that Rambus has asserted the listed products are accused but denies 
that any of the listed products infiinge the asserted patents. Hitachi denies that it 
produces piodncts with the DumbeisHB54A329 and HB54AS49. Except as 
expressly admitted herein, the allegations contained m paiagi^h 42 are denied. 

4.3. Hhachi admits that this paragraph purports to give a genetal 
descripidon of a microprocessor Imt denies that it is a complete descripdon or 
definition, and reserves the right to more fully describe and define a 
mieroprocessor. Hitachi denies the allegations contained in the third and fourth 
sentences orpaxag;iapb4.3. Except as expressly admitted hcxein, the allegations 
contained in pazagiaph 4.3 are denied. 

4.4. Hitachi lades suflBcient information to form a belief as to 
the truth ortalsity of the allegations contained in the first sentence of 
pazagiaph 4.4. and therefore denies those allegadons. Hitachi admits the 
allegations coqtsined in the second sentence of paiagraph 4.4, and furthq- admits 
that the HSAvrebsite mentions the Sega Dieamcast console. Except as expressly 
admitted herein, the allegations contained in paragraph 4.4 are denied. 
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V. THE PATENTS-m-SUTT 

A. 1116*918 Patent 
. 1_ !defit!i£catifia of the Patent aad OwsenhJp by Rambus 



5.1. Ifitachi admits that Uii. Patent No. 6»034»918 identifies 
Rambus as asrigoee, was issued on March 7, 2000, identifies Michael Fannwald 
and Matk Honwitz as inventoxs, and is cntided ^'Method of Operating a Memory 
Ha^g a Variable Dala Output Length and a PFogrammable Register.** Except as 
expressly admitted herdn» the allegations contained in paiagri^h 5.1 are denied. 

5.2. On infomation and beliei; Hitachi admits the allegations 
coDtatned in paragraph 52, 

2. Non-Teebnkal Dcseriptloo of the Patented Inventioii 
53. Hitachi denies that paragraph 53 provides an accurate 
description of Ac contents of the *918 patent and Hitachi refers to that patent for 
its complete sind accurate contoits. Hitachi admits that this parB23nBph purports to^ 
give genera] descriptions regarding the relationship between DRAM devices arxl 
microprocessors but denies that they are complete descriptions, and reserves the 
right to more fully describe the relationship between DRAM devices and 
microprocessors. Except as expressly admitted herein, the allegations contained 
in panignph 53 are denied. 

5.4. Hitachi denies that paragraph 5.4 provides an accurate 
description of the puiported invcntioQ of the *918 patent or that the purported 
invention of the '91 8 patent achieves the advantages described. Hitachi lacks 



sufficteot inftinnatioo to fonn a belief as to the truth or falsity of the rtmaioiog 
allegatioiu co atained in paxagcaph 5.4, aDd therefore denies those allegations. 

■ , ss,' ' JEtachi denies that paragraph 5:5 provides an accurate 

description of the oontcnta of the *91 8 patent and refers to that patent for its 
complete and accurate contents. Elitachi denies that aiQr Hitachi SDKAMs or 
mtcxoprocessors tnfiinge clauns of the '918 patent, and denies the remaining 
aJlegatioQB contained in paragraph S.5. 

3. Foreign Counterparts to the *91 8 Patent 
5.fi. Paragraph 5.€ was amended by Rambus' letter of April 12, 
2000 and Hitachi's answer Is to the paragraph as ameisded. Hitachi admits that 
Exhibits 10 {Qd 1 1 are charts that pujpoit to list each foreign patent issued that 
corresponds to the *918 patent and other infoitnaDon. but Hitachi lades sufiBcient 
information to form a belief as to the truth or falsity of the allegations contained in 
Exhibits 10 (uxd U, or the letter of April 12, 2000 as it amends this paragraph, and 
therefore daiies those allegations. Hitachi lacks sufficient information to form a 
belief as to tlie truth or fklsity of the allegations contained m the Uiird sentence of 
paragr^h S.6, end therefore denies those allegations; and further lacks sufiSctent 
iofonnation to form a belief as to the truth or falsity of Rambus' statement in its 
April 12, 2000 letter about the puzported grant of a European patent, and therefore 
denies those allegations. Except as expressly admitted herein, the atlegations 
contained in paragr^h 5.6 axe denied. 



B. The '195 Patent 

1. Identiflcatioa of the Patent and OvvDenhlp by Ranibas 
^ . 5,7. Hitachi.8dmits lbal U^..PaiciU.No._6.038 J 95 Identic 

Rambus as assignee, was issued on March 14, 2000, identifies Michael Fannwald 
and Mark Horowitz as inventoxs, and is entitled "Synchronous Memwy Device 
HavingaDclayTimcRcpstCTBndMdhodofOpcralingSainer Exceptas 
expressly admitted herein, the allegations coniained in paragraph 5.7 are denied. 

5.8. On iiitbnnatioo and belief; Hitachi admits the allegations 
eoDtained in paragraph 5.S. 

2. Non<Tccbnlcal Description of the Patented laventlon 

5.9. Hitaclu denies that paragraph 5.9 provides an accurate 
description of lihe ' 195 patent or that the purpoited invention of the '195 patent 
achieives the advantages described. 

5.10. Hitachi denies that paragraph 5.10 provides an accunte 
description of the contents of the '195 patent and refers to that patent for its 
complete and accurate contents. Hitachi denies that any Hitachi SDRAMs or 
microprocessors infiinge claims of the '195 patent Hitachi admits that this 
paragraph purports to give general descriptions regarding memory devices, but 
denies that they are complete descriptions, and reserves the right to more fully 
describe memory devices. Except as expressly admitted herein, the allegations 
contained in paragraph 5.1 0 are denied. 

5. 1 1 . Hitaehi domes that paregrvph 5.11 accuzately describes ttt 
contents of the '195 patent and refers to that patent for its complete and accurate 
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contents. Hitachi denies that any Hitadn SDIL^ or mtcro^ 
claims of the M 95 patent 

5. 12. Hitachi denies that paragraph 5.12 accurately describes the 
cootento of tfkc * 1 95 patent and refcre to that patent for its complete and acxurale 
contents. Hitachi denies that any Hitachi SDRAMs or miaoprocessore infringe 
claims of the * 195 patent 

5.13. Paragraph 5.13 was amended by Rambus* letter of 
April 12, 2000 and Hitachi's answer is to the paragr^h as amended. Hitachi 
admits that rohibits 12 and 13 are charts that putport to list each foreign patent 
issued that conesponds to the *195 patent and other infbnnadon. but lacks 
sufiBcieiit information to form a belief as to iht truth or falsity of the allegations 
contaioed in Exhibits 12 andI3 and Rambus' letter of ^liJ 12» 2000 as it amends 
this paragniih, and therefore denies those allegations. Hitachi lacks sufGcient 
information to fonn a belief as to the tnith or falsity of the allegations contained in 
the third sentence of paragraph 5.13; and further lacks sufficient informadon to 
form a belief as to the truth or blsity of Rambus' statement in its April 12, 2000 
letter about the purported gram of a European patent, and therefore denies those 
allegations. Except as expressly admitted herein, the allegadons contained m 
paragraph 5.13 are denied. 
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VL UNFAIR ACTS OF THE RESPONDENTS - PATENT 
INFRINGEMENT 

6.1 . Hitachi denies the allegations contained in paragraph 6.1. 

Hitachi further denies the allegations contained in the subject heacfing preceding 

(hat paragraph. 

6^2. Hitachi admits thai Exhibit 14 contains a Hitachi data sheet 
for SDKAMs HM5264165-B60, HM5264B05.B6a and HM526440S-B60. 
Hitachi adnuls that Exhibit 1 5 pttrpotts to be a claim chart demonstrating how 
Rambus believes daim 1 of the ' V95 patent applies to the HMS264165-B60, 
HMS26480S-B60 and KMS264405-B60 SDRAMs. Hitachi denies that the claim 
chart shows infiingement and denies Complainant's alleged claim construction, 
including but not limited to all factual and legal conclusions as to validity, scope, 
meaning, or -snforceability of the alleged ' 195 patent claims, as alleged in 
Exhibit 15. Hitachi further states that the meaning and effect of the claims and 
any Umitatjoas of the / 1 95 patent is a matter of iaw fc.r ;he Coniiiiis^sionr Exc&;pK - • 
as expressly admined herein, the allegations comained in paragraph 6.2 are 
denied. 

6.3. Hitachi admits that Exhibit 1 6 purportt to be a claim chart 
demonstrating how Rambus believes claim 18 of the '918 patent applies to the 
HM5264165.B60.HM5264805<B60 and HM5264405-B60 SDRAMs. Hitachi 
denies that the claim chart shows^in^ingement and denies Complainant's alleged 
claim constnicn'on. including but not Umited to all facmal and legal conclusions 
as to validity, scope^ meaning, or enforceability of the alleged *9]8 patent ctaims* 



as alleged in Exhibit 16. Hitachi furtiter states that the mtaouig and effect of the 
claims and any limitations of the '918 patent is a matter of law for the 
ComnussioiL Except as expressly admitted herein, the allegations confined in 
paragraph 6.3 are denied. 

6.4. Hitachi admits that Exhibit 17 and 1 8 contain a product 
brief and poitions of a Hitachi hanlwaze manual for the SH7750 micxopiocessor. 
which is pait of the SH-4 series. Hitachi admiu that Exhibit 19 purports to be a 
claim chart demonstrating how Rambus bdieves claim 23 of the * 195 patent 
applies to the SH7750 micxoprocessor. Hitachi denies that the claim cfaait shows 
iofringemect and denies Complainant's alleged claim construction, including but 
not limited all factual and legal conclusions as to validity, scope, meaning, or 
enforceability of the alleged '195 patent claims, as alleged in Exhibit 19. Hitachi 
further states that the meaning and effect of the claims and any limitations of the 
* 195 patent is a matter of law for the Commission. Except as expressly admitted 
herein, the itUegations contained in paragraph 6.4 are denied. 

6.5. Hitachi admits that Exhibit 20 puiports to be a claim chart 
demonstrating how claim 1 of the *9 18 patent applies to the SH7750 
microprocessor. Hitachi denies that the claim chart shows infiingement and 
denies Complainant's alleged claim constniction, including but not limited to all 
factual and legal conclusions as to validity, scope» meanings or enforceability of 
the alleged "918 patent cloims, as alleged in Exhibit 20. Hitachi liinher states that 
the meaning and effect of the claims and any limitations of the *9 1 8 patent is a 



matter of law for the Coxmnission. Except as expressly admitted berem, the 
allegations contaised in paraffaph 6.5 are denied. 

6.6. Hitachi denies the allegadons conuined in parsip-apa c.;^. 

6.7. Hitachi admits that it received a copy of the Complaint in 
this matter and thereby obtained knowledge of die claims asserted thereiiL 
Hitachi decdes the remaining allegations contained in paragraph 6.7. 

Va SPECIFIC INSTANCES OF UNFAIR IMPORTATION AND SALE 

7.1. Hitachi admits the allegations contained in the first 
sentence orparagnq)h 7.1. Hitachi lacks sufficient information to form a belief as 
to the truth or &lsity of the allegations contained in the second sentence of 
paragr^h 7. 1, and dieicfore denies those allegations. Ifitadu further denies that 
it has engaged in any acts of unfair importation and sale. 

7.2. Hitachi admits the allegations contained in the fazt and 
second sen tences of paragraph 7^. Hit^icKi admits that Exhibit 26 purports to bc a- 
copy of a nxeipt for the purchase of a Hitachi SDRAM in the United States. 
Hitachi adraits that Exhibit 27 is a copy of HSA*s web page, and refers to that 
exhibit for Its complete and accurate contents. Except as expressly admitted 
her^n. the allegations contained in paragraph 7.2 arc dem'ed. 

73. Hitachi lacks sufficient informauon to form a belief as to 
the truth or fidsity of the allegations contained in the first sentence of 
paragraph 7J» and therefore denies those allegations. Hitachi admits the 
raicrbprocessor in the photograph appears to bear a country of .origin marking of 
Japan. Hitachi lacks sufficient information to form a belief as to the truth or 
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&bity of the lemaioing allegations contained in paragraph 7 J. and. therefore 
denies those allegations. 

- 7;4. HitBch? ftdmtte that RAibit 29 pmports to be a copy of a 
receipt for the purchase of a Dreamcast video game console in the United States, 
Hitachi admiits that Exhibit 30 is a copy of HSA's web page and refers to that 
exhibit for its complete and acctuate contents. 

7.5. Hitachi lacks sofScientinformadon to form a belief as to 
the ttuth or lalsity of the allegations contaioed in the fi»t sentence of 
pangraph 7. 5, and therefore denies those aUegations. Hitachi admits that 
Exhibit 31 purports to be a copy of a receipt for the purchase of a Dreamcast 
video game console in the United States, and that it is dated March 19, 200O. 

7.6. Hitachi admits that certain of the products that Rambus has 
accused entiT the United States under Hannoruzed tariff Schedule number 
8542.13.80. Hitachi lacks sufficirat infonnatton to the truthjjr 
falsity of the remaining allegations contained in paragraph 7.6, and therefore 
denies those allegations. 

Vni. LICENSES 

&.I. Hitachi admits that Rambus licenses Rambus patents. 
Hitachi denies Rambus* characterization of its license restrictions as "field of use** 
restrictions imd further states that the legal effect of the license restrictions under 
the patent or antitrust laws is a niatter of law for the Commissioa Hitachi lacks 
sufficient information to form a belief as to the truth or falsity of the allegations 
contained in the first, second, third and fourth sentences of paragraph 8.1; and in 
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particular lacks sufSdent information to form a belief as to the truth or falsity of 
Rambus* allegatioDS so Oar as Aey relate to the licensing of the *9 1 8 and ' 195 
patents, and therefore denies those allegations. i£tachi admits that copies of the 
license agreements between Hitachi and Rambtzs accompany the Complaint as 
Confidcntisil Exhibit 7, and Hitachi refers to those agreements for thdr complete 
and accuxate coDtentsL Except as expressly admined herein, the allegations 
contained bi paragraph 8.1 arc denied. 
IX. TELE DOMESTIC INDUSTRY 

9. 1 . Hitachi lacks sufficient information to form a belief as to 
the truth or fiUsxty of the allegations contained in paragraph 9.1. and therefore* 
denies those allegatiotts. 

9.2. Hitachi admits that Rambus licenses Rambus patents to 
companies that agree to manufacure RDRAM-compatible products. To the 
bcFenrthst the aUegadohsa^ntliH^ ^ the second llilhl 'and founh sentences of 
paragraph 92 refer to the license agreements between Hitachi and Rambus, 
Hitachi states thai cqnes of the Heense agreements t>etween Hitachi and Rambus 
accompany the Complaint as Confidential Exhibit 7, and Hitachi refers to those 
agreements for their complete and accurate contents. Hitachi lacks sufficient 
information to form a belief as to the truth or falsity of the remaining allegations 
contained in paragraph 9.2, and therefore denies those allegations. 

9.3. Hitachi lacks 5u£fictent information to form a belief as to 
the tnith or falsity of the allegations contained in paragraph 9 J. and therefore 
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denies those allegations. Hitachi denies that Rambus* alleged investments 
constitute a domestic iodustiy. . 

' ^ '9747 Hiuclii laclttlhifEcient infMinationlb foim a bdief as to 
the truth or £alaty of the allegations in paragraph 9.4, axul therefore deiues those 
allegations. 

95. Hitachi admits that Cbnfidentiai Exhibit 32 purports to 
describe Rambus* investments in promoting its technology to potential licensees 
Bsd other in&imation, but Hitachi laclcs sufficient information to forai a belief as 
to the truth or falsity of the aUegatibns contained in Exhibit 32, and therefore 
denies those allegations. Hitachi lacks sufficient infomiation to fom a belief as 
to the truth or filsity of the remaining allegations in paragraph 9.5. and therefore 
denies those allegations. 

9.6. Hitachi lacks sufficient information to foim a belief as to 

a ^^J^*^ ®^ falsity pf tfic ajjcgations in the first serytcr!?? cf psrsgraph 9.6, and 
therefore dcjiics those allegations. Hitachi further states that copies of the license 

agreeraenis between Hitachi and Rambus accompany the complaint as 

Confidential Exhibit 7, and Hitachi refers to those agreements for ttieir complete 

and accurate contents. Hitachi admits the allegations contained in the second 

semence of paragraph 9.6. 

9.7. Hitachi lacks sufficient information to form a belief as to 

the truth or falsity of the allegations in paragraph 9.7, and therefore denies those 

allegations. 
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9.8. Hitachi states that the Rambus-Hitadu license agreemeot 
accompanies the Complaint as. Confidential Exhibit 7, and Hitachi refen to those 
agreements for their complete and accurate contents. Ifitachi lacks su£Bcient 
infonnation to fonn a belief as to the truth or falsity of the remainmg allegations 
in paragraph 9.8, and therefore denies those allegations. 

9.9. Hitachi lacks sufBcient infonnation to fonn a belief as to 
the truth or falsity of the allegations contained in paragraph 9.9, and therefore 
denies thosi: allegations. Hitaclu denies that Rambus' alleged investments 
constitute a domestic industry. 

9.10. Hitachi admits that Confidential Exhibit 32 purports to 

ft 

describe th<; number of Rambus employees specifically devoted to licensing the 
class of accused products under these patents, and Rambus* personnel and 
overhead expenses devoted to licensing the accused class of products. Hitachi 
lacks sufficient information to form a belief as to the truth or falsity of the 
allegations eionSiie^''inrCoiijfi^Bal'^^ and in Paragraph 9TlO. and . 
therefore draies those allegations. 

9.11. Hitachi lacks sufficient information to fonn a belief as to 
the truth or falsity of the allegations in paragraph 9.11, and therefore denies those 
allegations. Hitachi admits that Confidential Exhibit 32 purports to describe the 
number of Rambus employees that Rambus expects to devote to the licensing of 
the accused product throughout ht 2000 and 2001 and other information, but 
Hitachi lacis sufficient information to form a belief as to the truth or falsity of the 
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information wntained in Cbnfidentia] Exhibit 32, and thocfoie denies those 
allegaticnis. 

X RELATED UTiGAllON 

10. L Paragraph 10.1 was amended by RAmbus' letter of 
Apiil 12, 2000 asdHitadu's answer Is 10 the paragraph as amended. Hitachi 
admits that llambus has sued Hitachi Europe GmVH in Gennany for infiringeoient 
of a Enrapean Patent and a Gennan utility model. Hitachi further admits that 
Rambus filei] Complaints against Hitachi, Ltd. and HSA in the United States 
District CoiDt for the District of Delaware, asserting infringement of patents that 
are part of the same related hxxdly of patents as the * 1 95 and *91 8 patents. 
Hitachi states that these actions have been transferred to the Northern District of 
California. l-Iitachi further states that Rambus* claims against Hitachi in the 
foregoing actions arc wholly without merit Except as expressly admitted herein, 
the^aUegadons contained in psragraph;! 0.1 are denied:v*r ..^^y::'^.-^' 
XL RELIEF REQUESTED 

I L I Hitachi admits that Rambus is seeking the relief requested in 
paxagraph 1 1 .!» but denies that any such relief is wananted 

RESPO^fSE TO AM.gnATinitfg rnwTATWr^ ^ 

RAMBUS' Lwrrmi of apph .4. mnn 
The complaint has been amended by Rambus' letter of April 4, 
2000, in which Rambus responded to certain inquiries by OUII concerning the 
complaint Ftilachi answers these allegation? of »V. April 4, 2r>00 letter as 
follows: 



1 . Hitachi denies that Hitachi microprocessors practice any 
claimed methods in the '918 and ' 195 patents. Hitachi lacks sufficient 
ififonnatioii to fonn a beUef as to the tiuth or falsity of the remaining allegations 
of point 1 on page 2 of the April 4, 2000 letter, and therefore denies those 
allegationa. 

2. ■ Hitachi lacks stiCficientinfonnadon to fonn a belief as to 
the troth or :fBlsity of the allegations contained in the first sentence of point 2 on 
page 2 of the April 4, 2000 letter, and therefore denies those allegations: Hitachi 
admits that ibe HSA website mentions the Sega Dreamcast video game console, 
admits that it markets its microprocessors for data processing, communications, 
industrial, oanspbitation and consumer applications, and further admits (hat it 
markets its !3DRAM devices for computer, workstation, and server applications. 
Hitachi lack5 sufBctent information to form a belief as to Ibe tiuth or falsity of the 
remaining allegations contsuned in point 2, and therefore denies those allegations. 

3. Hitachi lades sufBcient information to form a belief as to 
the truth or falsity of the allegations concerning Rambus* licensing activities 
contained in point 3 oo pages 2 and 3 of the April 4, 2000 letter, and therefore 
denies tbos« allegations. To the extent that such allegations refer specifically to 
the License Agreement between Hitachi and Rambus, Hitachi admits that copies 
of the license agreements between Hitachi and Rambus accompany the Complaint 
as Exhibit 7, and Hitachi refers to those agreements for their complete and 
accurate contcnls. Hitachi denies that Rambus' alleged licensing activities 
coitstitute a domestic industry. Hitachi admits that Confidential Exhibit 32 



purports to sin forth Rambus' aOesed investments in licensing technology other 
than RDRAM technology imder the *9t 8 and *19S patents. Hitachi lacks 
sufBcicnt inlbnnation to fonn a belief as to the truth or fclsily of the informatioa 
set forth in Confidential Exhibit 32, and therefore denies those allegations. 
Except as expressly admitted herein, Hitachi denies each of the allegations of 
point 3 on psiges 2 and 3 of the April 4, 2000 letter. 

4. Hitachi lacks aufiSdent tnibnnation to foras a belief as to 
the truth or falsity of the allegations contained in point 4 on page 3 of the April 4, 
2000 letter, nnd therefore denies those allegations. 

Rambus' letter of ^ril 12, 2000 amends paragr^hs of the 
Complaint and Hitachi has answered the allegations contamed in those paragraphs 
as amoided by the April t2, 2000 letter. Except as expressly admitted herein, 
Hitachi denies the aHegations contained in Rambus' letters of April 4, 2000 and 
April 12, 2000. 

RESPONSE TO NOTICE OF INVRSTrf; ATTON 
Hitachi adnuts that the notice of investigatioa names Hitachi, Ltd. 
and Hitachi Semiconductor (America) Inc., as respondents but dem'es that either 
has violated 19 U.S.C§ 1337 by importing into the United States, selling for 
importation into the United States, or selling within the United States after 
importation certain synchronous dynamic random access memory devices, 
microprocesfors, or products ooritaimng same by. reason of infringement of claims 
1-24, 27, 32. and 33-39 of U.S. Utters Patent 6.058.195 or claims 1-3. 6-10, 13- 
16, 18-21, 24-26, 29-31, 33-34 and 37-38 of US. Lctteis Patent 6,034,918. 
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Hitachi denies that the Commis^on should Issue a pennaseot exclusion order, a 
pemumeBt cease and desist order, or any other relief. Except as expressly 
admitted horin, Ktadri denies the allegations craitaiiied in the Notice of 
Investigatioa. 

I ^fFORMA^^ON UNPER COlVtMISSlON RULE 210.13 

1. Hitachi States that it is still attempting to detamtne the 
quantity and value of inapoxts of the several accused articles. 

2. Hitachi states that the United States is significant to its 
operations. Hitachi further states' that its worldwide production capacity and 
sales fbr SDRAMs and SH microprocessors is as set forth in Confidential Exhibit 
B. 



ATFrnMATIVEDEirENSES 
liitachi asserts the follbwiag affinnative and other defenses and 
reserves the light to modify aDd expand the defeases as discovery proceeds m this 
investigation. 

Pacfa Giving Rise To Thg Afflrmatfvg Defeiia« 
1. The *195 patent issued from an epplicatioo filed 
November 20. 1998. Rambns filed a continuation application of the *195 patent 
on November 19, 1999 which issued as the '918 patent. Each of these 
plications ;asserts that it is a continuation and/or division of earlier-filed 
s^plications in a chain of related applications leading back to an original parent 
application fi.led April 1 S, 1990. Rambus abandoned the original parent 
application ui favor of at least 1 1 applications filed in 1992 each of which was 
asserted to btt a continuation or division of the parent application. Thereafter. 
Rambus filed additional contizuiati.ons and divisions also claiming the benefit of 
^ ^the^Aprii'13; 'i990-parsct applicalion. A total uf at least 41 applications were filed 
in the United States as continuation or divisional applications which assert the 
benefit of the common April 18. 1990 filing date (collectively, the "Related 
Family^. These related applications resulted in at least 25 issued patents, 
including the * 195 and '91 8 patents. 

2. The parent a^fication filed April 18. 1990 contained 
elatms 1-150. In filing the continuation and division applications in the Related 
Family. Rambus adopted a practice of filing a Preliminaiy Amendment which 
cancelled the original claims and added various new claims. Begixming about 
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t994» the Preliminafy Amendmeat would be accompanied by a Request To 
Approve Diawing Changes* which would amend various figures of the orig^al 
disclosure and/or add new figurn. In these amendments to the claims and the 
drawings, Rambus would assen that the changes wen supported by the original 
specification filed April 18, 1990. Some of these same amendments to the 
drawings and specification, as well as other amendments to the drawings and 
q>ecificalicrp, woe made to other applications in the Related Family. 

3. The ' 1 95 pateni as issued contains 40 claims^ and the '9 1 8 
patent as issued includes 38 claims. These claims contain numerous elements 
which havt: the same or closely related language to issued claims in numerous 
patents in the Related Family. By way of example, claim 1 of the '918 patent is 
substantially similar to claim 1 of Patent 6,032,214, which is part of the Related 
Family. Statements in the file history of prosecution of applications in the 
Related Family which claim similar or the same subject maner, or which refer to 

^ similai' or the same terms or phrases, and assertiorui to' the ExamiiuT and Patent . 
Office concenung the meaning and scope of sueh subject matter or terms or 
phrases, are applicable to and/or constitute admissions concerning the scope and 
support of contsponding claim language in the '918 and * 195 patents. 

4. After filing the parent application on April 1 8, 1990, 
Rambus licensed the technology to various tlurd parties who were to manufoctuie 
Rambus-compatible memory devices under the trademark ^TORAM.'* Rambus 
Ucensed a variation of the original disclosure which was called the **Base" 
technolog)'. This was later revised to create a "Concurrent" technology, which in 

-23- 



turn was further revised to create a **Direct** technology. With each revision of the 
RDRAM technology, from *'Base- to Xon cur r en f* to "Di^ect^ the technology 
was changed in significant aspects from the disciosixre of the April 18, 1990 
parent applicatioa Numerous aspects of the origina] disclosure were abandoned, 
and certain other aspects and circuttxy were substandally changed. On 
infonnation and belief; various changes to the Base, Concuxrent. and Direct 
vexsions of the RDRAM technology were the development of Ihixd parties and/or 
persons different than the named inventors of the '195 and ^918 patents. 

5. Prior to April 1 8, 199D, the named inventors attended 
meetings and/or received inailings of an IEEE subgroup working on various 
standards for semiconductor memories, and in particular attended a subgroup 
known as the Scalable Coherent Interface or Sd The SCI group considered 
various memory issues, such as inefficiency caused by latency, and studied 
various solutions. The group later evolved into a related group called RamLink. 
llie SCI atid RamLink groups were part of various standard-setting activities from 
the late 19l!08 and into the mid-1990s, ^ch included standard development 
efforts such as SyncLink. The named inventors of the *19S and *918 patents, and 
various employees of Rambus, attended numerous of these standaid-sening 
meetings, and/or received minutes and reports from these meetings, from the late 
1980s the mid-1990s. 

6. Another sttodard*setting activity involving synchronous 
DRAMs involved certain committees &f the Joint Electronic Devices Eriginecring 
Council ("JEDEC"), including but not limited to the JC-42.3 committee on RAM 
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Id 1991. JEDEC membcn began consideruig the developmeot of 
standards for synchronous DRAM (SDRAM) technology. Rambus began 
attending JEDEC committee meetings no latR than Dece:7»ber'i99 1 iuid fonnaiiy 
joined as a conumttee member at least as early as 1992. Rambus contumed as a 
committee ntembcr until it announced it was leaving JEDEC by a June 17, 1996 
letter. 

7. During prosecution ofthe Related Family, including but 
not limited to the '195 and '918 patents, the claims of the applications were 
amended to cover the evolving Base/Concuirent/Direct Rambus technology 
and/or tht synchronous DRAM standards developed in SCI. RamLink, and 
JEDEC, evcQ (hough the parent appfication lacked support for the belatedly- 
claimed features and the later technology was not the invention of the named 
inventors. /Jso, Rambus through its attorneys made contradictory assertions in 
different applieatSons of the Related Family, in order to obtain ollowance of the 
claims in those applications and without calling aRention that its statements were 
contrary to statements in other applications containing the same claim language. 
The purpose of this pattern of conduct was to obtain claim coverage on ' 
technology v^hich was altered fiom and not the invention of the named tnventon 
in the parent application, in order to improperly encompass these later ' 
developments. 
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rtrsi Defense 
(InvaUdity) 

8. The allq^ons of paragraphs 1-7 are iscoiporated by 
Tcference in this Fast Defeose. 

9. The * 195 and *9 18 patents are mvaHd for failing to comply 
with the conditions and requirements for patentability set foith in the United 
States Patent Statute, bcluding, but not limited to 35 U.S.C. §§ 101, 102, 103, 
112, 113. 115. 120. 121 and 132. 

10. The issued iClaims of the M 95 and *9 1 8 patents are not 
entitled to tlie benefit of the April 18, 1990 filing date of the parent application 
nor to the filing dates of certain other applications in the Related Family leading 
to the *195 and *918 patents. 

1 1 . The * 1 95 and '9 1 8 patents are invaUd for {aibire to satisfy 
the requirements of 35 U^.C ( 1 12. In view of the various amendments tha 
oQviUTcd duiing the. long prosectition history of the'pateots cnd eariier applications"' 
in the Related Family, die claims of the ' 195 and *9I8 patents as issued now bear 
h'nle resemblance to the purported invention that was described in the original 
applieatiaiL Kumeratis claim linutattons do not have any support in the original 
specifieatiQs. The asserted claims are invalid as moperable. The asserted claims 
are invaUd as not enabled. The asseited claizns ait invaUd for iailuie to distil 
claim what the named invators viewed as their invention. The asserted claims 

are invalid for omitting essential elements. 
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1 2. During the prosecutioD of the applications in the Related 
Family, Raxnbus filed Requests to Approve Drawing Changes, which amended 
the figures in a man ner unsupported by the original specification and was 
mi&leadbg as to the amended claims, in violation of 35 U.S.C. § 113: 

13. The asserted claims of the *195 and *918 patents are invalid 
for presenting new matter and new clauns which are unsupported by the oaths of 
the named inventors, in violation of 35 U.S.C. §§ 115 and 132. 

14. On information and belief, the written description and the 
drawings are not in such flill, clear, concise and exact terms as to enable any 
person skilled in the ait to make and use the same without undue experimentation. 
On tnfoimaiion and belief the circuitry of various figures is inoperative, and/or 
cannot be tvsed without undue experimentation. Suefa inoperativeness is 
evidenced by the abandomnent of such strucnue in the Rambus 
Base^Conciurent/Direct RDRAM products. 

15. The Patent Examiner who examined the original parent 
application asserted that Rambus had claimed eleven difTerent alleged inventions 
in the 150 claims that were originally filed. The Examiner required Rambus to 
elect which group or groups of claims it wished to pTosecutc Over the neact 
decade and to the present day, Rambus has filed divisional and continuation 
applications in the Related Family, with similar and/or overlapping claims in the 
various related applications. Rambus has not maintained the tine of demarcation 
that is requijvd bsnr/ect; the independent and distinct inventions that prompted the 
restriction requirement in the original application and that led to the multiple 
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divisional appHcations. in violation of the principle of ''consonance.'* 
Accordingly, the '195 and '918 patents are invalid. 

16. Moreover, due to &e rack ofconsonaoce, the protections of 
35 U.S.C> S 121 do not apply to the patents resulting fiom such divisional 
appUcations. Various of the Rambus Related Family, including the '19S and '918 
patents, an: therefore invalid for double patenting. 

17. The asserted claims of the* 195 and *92 8 patents are invalid 
under 35 U.S.C. §§ 102 and/or 103. A listing of Ihc printed prior ait references 
which, either alone or in combination^ render the * 195 and/or *918 patents bvalid 
is attached to this response as Exhibit A. In addition, the asserted claims are 
invalid for prior use and/or sale before the filing date of the M9S and ^18 patents 
in the United States, its territories or possessions. Further, the printed prior art 
publications refer in part to certain standard-setting activiu'es which consritute 
prior arti; aisd/br concern o^h priadiicts vkiiidiwm made, 'iMd or sold in the*' ~ 
United States and i^ch sq)arately constitute prior art 

18. Hitachi also believes that the asserted claims of the *195 
and *91S patents are invalid due to thnr failure to satisfy other requirements of the 
patent stamtes, and Hitachi reserves the right to alter or supplement its defense as 
die bvestigation proceeds, 

♦.Second Defense 
(Noninfringement) 

19. The allegations of paragraphs M 8 are incorporated by 

reference in this Second Defense. 
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20. Hitac^ denies that the accused pnxlucts, either literally or 
under the doctrine of equivalepts, infnnge the asserted claims of either the * 195 or 
'918 patent. Tlus amrmative defense is hnsd f?.poa Hitachi*; cmeat knowledse 
and undersanding, and Hitachi reserves the right to present and rely on any and 
all support for this defense discovered in the course of this investigation. Hitachi 
will in the •:ourse of this investigation, inter alia^ take discovery concerning 
Cooq)lainani*s infiingement contentions, including Complainant^s contentions as 
to eonstniction of the asserted claim elements» and wiU present Hitachi's 
cootentionis as to proper claim eonstniction and non-infiingonent 

21 . The asseited claim language was added long after the 
original filing date in an attempt to improperly cover the Base/Concurrem/Direct 
Rambus te:hnology and/or synchronous DRAM technology pursuant to the 
JEDEC standards. The claim language is instead restricted in scope to the 
meanings in the original application as filed on April 18. 1990. when supported a! 
all, and as properly construed does not cover the accused products. In addition, the ■ 
accused products are so different in function and operation from that Qriginally 
disclosed or properly claimed in the M 95 and *9] 8 patents that the accused 
products could not be found to infringe under a doctrine of e(|uivalcnts analysis. 

22. Ihe drawing amendments submitted after the filing date of 
the original applicarion dated April 18, 1990 may not be used under 35 U.S.C. § 

1 13 to supplement the original disclosure for the purpose of interpretatian of the 
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scope of any claim, and Rambus is improperly attempting to supplement the 
original discl osure so as to encompass the accused devices. 

23. Ki;££hi reserves the right to alter or srupplement its uon- 
iDfiingement defense as the investigation proceeds. 

Third Defense 
(loequltable Conduct and Patent Mbnse) 

24. The allegations ofparagraphs 1-23 are incorporated by 

reference in this Third Defense. 

25. Upon infonnadon and belief; the* 195 and *9] 8 patents are 
unenforceable and have been misused for reasons that include but are not limited 
to the facts r«t forth above. Rambus' conduct includes improper and knowing 
filing of amindments which added claims and drawings not supported in the 
original application, failure to disclose the derivation of the subject matter of the 

added claims, improper inventorship, misleading and Inconsistent statements ^ 

made in applications of the Related Family, and failure to maintain the proper line 

of demarcation between the divisional and continuation applications. 

Fuithennore. the unenforceability of certam other patents in the Related Family 

taint the '195 and *918 patents and also render unenforceable Che '195 and *918 

patents. 

26. On information and belief Rambus engaged in a pattern of 
conduct to file and amend the applicadons in the Related Family, add new claims 
and new drawings, and make assertions to the Patent CfSce to attempt to 
encompass the feanvesofthe altered Rambus Base/Concurrent/Direct technology 
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and/or the fynchronous DRAM technology without regard to support or 
inveotoiship and by making misleading and false statements to the U^. Patent 
- Oniccr-OD iiifonnalion and belief, Rambus was aware that various language of 
the claims as amended was tmsupported or contiBiy to the original specificatioii, 
and such amendments were made with an intent to deceive and impropaly 
eacooqiass synchxDDOus DRAM tedmology covered by the JEDEC standards 
and/or the Base/Concunent/Dbcct Rambus technology which had changed fixmi 
the origica!! disclosure on April 18, 1990. 

27. Rambus through its attomeys made eontradietoiy assertions 
in difierent applications of the Related Family* in order to obtain allowance of the 
claims in tliose applications and without calling aneotion to the &ct that its . 
statements were contrary to statements in other applications concerning the same 
language. The purpose of this pattern of conduct was to obtain claim coverage on 
. technology which wa"? nouht invention of the nazncd inventor? arH nc: - : • - 
adequately disclosed in the April 18, 1990 parent application. Under the Doctrine 
of Infectious Unenforceability, the improper conduct concermng any of the 
patents and applications in the Related Family will taint and infect the 
enforceability of the * 195 and *9 1 8 patents. 

23. JEDEC Standards relating to SDRAMS have existed since 
1992. Since 1992, several generations of JEDEC SDRAMs have been introduced. 
JEDEC-cornpliant SDRAMs perform various functions which Rambus has 
attempted to cover by claims filed belatedly and improperly in an attempt to cover 



those functions despite lack of suppon in the original disclosure. Rambus* 
inventois and personnel connected with (he prosecution of the *195 and *918 
patents were durixxg all relevant times aware of the 1992 and subsequent JEDEC 
SDRAM standards, having participated in (he industry and the standaid-setdng 
process prior to all relevant times involving the pendency of the applications 
which isstted as the ' 195 and '918 patents. 

29. Rambus* inventors and personnel connected with the 
prosecution of the *195 and *918 patents were not in possession of the inventions 
ultimately claimed in the * 1 95 and '918 patents prior to those patents' actual filing 
dates in 1998 and 1999. Instea4 Rambus* inventors and personnel coimccted 
with the proiiccution of the U95 and *918 patents added claims to those patents to 
read on JEDBC^compliant SDRAMs. 

30. The Rambus named inventors and other Rambus personnel 
^atsorpsTiitipsSed in c:htr mdusny staudoij-se is tbc late' l9SOs aud''~ ' 

early 1 990$ and iroproperiy amended the applications in the Related Family to 
attempt to cover the technology developed through those elToits. On information 
and belief^ (he Rambus named inventors and/or their attorneys came into 
possession of the claims not throu^ their own effort but by smdying the 
standards developed by others and/or the changed B ase/Concurient/Dlrect 
technology as developed by others. 

3 1 . Rambus ' filing of new claims to read on JEDEC-ccmpliant 
SDRAMs axtd the changed Base/Concurrent/Direct technology constituted 
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material inictimation which was false and misleading and constitttted inequitable 
conduct Moreover, such icfonnation is material to the patentability of the '195 
and '918 patentsunder37CFR 1.56. On inforasation and belieC Rambus 
knowingly failed to disclose this material infomiation to the Patent Office during 
the prosecution of the ' 195 and *9l 8 patents, and other applications in the Related 
Family, which constitutes inequitable conduct rendering all patents in the Related 
Fanoily unenforceable. 

32. Rambus' attempt to enforce patents acquired through 
misrepresentations and amissions also constitutes patent misuse and/or a violation 
of the antitrust laws. But for Rambus* taiowing misitpreseatations and omissions 
to the Patent Office, the M 95 and '91 8 patents would not have issued. Rambus 
already controls the RDRAM technology which is the significast alternative 
areUtecture to the ''open'* JEDEC interface standard. If Rambus* patents are 
^mz^^b, , . • - -'**-<'^*#fe^coa5Cried ai coverislg'uie'JJ^EG^stsaidaids govcAiixig SDRAMs, then Rainbus 
has monopoly power or a dangerous probability of successfblly monopolizing the 
relevant U.S. markets for the interface technology for high-speed synchronous 
DRAM memory, and for synchronous DRAM memory and logic chips which 
control such memory. On information and belief Rambus made these 
tnisrepresentations and omissions with a specific mtent to monopolize the relevant 
markets, and. with the purpose and/or cSect of restraining competition in the 
relevant markets. 
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(UDdean Haods, Equitable Eftoppe), Implied Licieiise, and Patent Misuse In 
Connection with Misconduct lo Standard-Setting Activities and Other 
Conduct) 

' ■ - The allegations ofp&ragrq;>hs 1-32 are incoipoxaled by 

mferenoe El this Fourth Defense. 

34. Rambus is asserting patents that are unenfoiceable due to 
Rambus' caisuse and/or violation of the antitrust laws, including but not limited to 
Rambus* actions and conccahnent in conncctioD with standard-setting activities 
and participation in standards-setting organizations. Because of this same 
conduct, Rambus comes to this proceeding with unclean hands and should be 
equitably estopped from obtaining any relief. 

35. ' JEDEC is the semiconductor engineering standardization 
body of the Electronic Industries Alliance a non-profit standaid-setdng 
organization open lo the industry and designed to foster compedtion in the several 

':ijtz't>;rj^'V^^ " , nsaifeets for computer chips. In the-I990§^.JEDECcootdinated the devdopm 

of technology standards for synchronous DR^d, including standards for the 
synchronous DRAM 'Interlhees*' between memory dups and bgic chips at issue 
in tlus action. Synchronous DRAM products and interfaces conibnning to the 
JEDEC sumdaids are commonly called SDRAM. 

36. Rambus was a JEDEC member at that tune and knew or 
should have known of JEDEC's'disclosure rules, designed so that no firm could 
secretly capture the open standard under development These rules required 
Rambus to disclose to JEDEC the existence and nanire of its patent rights apd 
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pending patent applications that could bear upon a standard that JEDEC monbers 
had under developmoxL Upon diselosure, holders ofpatents or applications were 
to make their patents available without diarge or tmder reasonable tenns and 
conditions ihat were demonstrably free of any unfair discrimination. JEDEC 
members and participants had to lely on the good faith of thdr fdlow JEDEC 
members and participants to comply with their duty to disclose if JEDEC 
memben were to develop truly open standards, as was their charter. 

37. Instead of folfiUing its dtity to disclose, Rambus concealed 
its patent posidon, including its then-pending patent applications that through 
subsequent applications led to the *19S and '918 patents. During JEDEC 
committee meetings, while Rambus remained silent about its patent applications, 
and its plan to file additional applications to attempt to cover the proposed 
standards, other JEDEC members and participants participated in good faith, and 
shared their technical information so thatppen industry st^dards could be 
developed. Rambus then improperly revised its pending applications and 
subsequent appHcations based on then-pending applications to cover what it 
learned from its participation in JEDEC and the disclosures of other JEDEC 
incmbers and participants. Tlius Rambus intentionally misled JEDEC members 
into promulgatmg a standard which, according to Rambus' allegations against 
Hitachi, is not the open standard the JEDEC members intended and believed it to 
be. 
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38. Without knowledge of Rambtis* pending appticatioiis, 
JEDEC detennined an industry standard for SDRAM interface technology. 
JEDEC merabers.and paitidpants reasonably and substantially relied on Rambus* 
silence legarding its patent position and patent applications and, thus, continued to 
participate in developing iba JEDEC open standard instead of exploring 
alternative standards. Hitachi and other £rnis in the industry spent miUions of 
dollars in pitxSuct developmeDt, testing, and maziceting of SDRAM chips and 
other products compatible with what was thought to be an open technology. 
Rambus norn asserts that certain of its patents cover the JEDEC SDRAM interface 
technology standards. Moreover, m suing Hitachi in successive lawsuits in 
federal couit, in making public comments, and in pursuing this action, Rambus 
has sent a signal to Rambus* competitors and customers that if Rambus has its 
way, there will be no competition in the relevant markets. 

39. L0(cwi5e» Rambus has cnp^ed in anticomp^ 

and tying pjracticcs that preclude it from obtaining relief in this proceeding. 
Rambus hail licensed its technology both to DRAM manufacturers, including 
Hitachi, Ltd., Samsung, NEC, and others, and to manufacturers of Logic Chips, 
including Intel. Rambus* licenses and technical collaboration agreements impose 
substantial and unwanted obligations on Uoensees. For example, Rambus' 
licenses do not simply pcnnit the use of Rambus patents. Rather, the license 
agreements require, as a condition of licensing one of Rambus* patents, that the 
licensees license numerous other Rambus patents. The license agreements also 
require the licensees to use the patents to manufacture synchronous mcmoiy only 
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to Rambus* requirements, including requiiing the licensees to use Rambus- 
controlled tests and know-bow to tnanufacture their products to Rxunbtis* 
sp»ifications7 ~" 

40. Rambus already controls the RDRAM standard which is 
the significant altematiycaichitecture to Oie "open" JEDECstandan^ If Rambus* 
patents are c^nslxued as covering the JEDEC standards governing SDRAMs» then 
Rambus has monopoly power or a dangerous probability of successfully 
monopolinig the relevant U.S. mariceU for the interface technology for high* 
speed synchronous DRAM memoxy« and for synduonous DRAM memoty and 
logic chips. 

Fifth Defense 

(Non-liifringemeotAmpUed Uccnsc/Pateni EzhaustioD as to Bitaehi 
Mlcroproeesson) 

41. The allegations of paragraphs 1-40 are tncoiporated by 
reference in this Fifth Defense. 

4Z The asserted claims ofthc * 195 and "91 8 patents are 
directed to synchronous DRAM apparatus, methods of operating synchronous 
DRAMs. and methods of controlling synchronous DRAMs during operation. A 
synchronous DRAM IS a critical element ofeach asserted claim. TheM9Sand 
*918 patents do not claim any tyjpe of controller in a microprocessor. Hitachi's 
accused SH microprocessors cannot, by itself, ihfiinge any asserted claim of the 
•195 or •916 patent 
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43. Hitachi's accused SH microprocessors are designed for use 
not only with synchronous DRAM but also with a variety of other types of 
DRAM-mciaoneSi -asd ?-^^,?ch is a staple article of commerce whose imponation 
and sale cannot constitute unfair competition. Thus, an exclusion order directed 
to the SH is not an appropriate remedy. 

44. The iSH as used in the Sega Dreamcast system together 
with syDcfarottous DRAMs manu&ctuicd by third parties. To the extent such 
third-paity iyncfaronous DRAMs are or will be licensed by Rambus. Rambus has 
exhausted its patent rights and/or has granted an implied license to use the Hitachi 
SH microprocessors in combination with any licensed synchronous DRAM. 

45. . MoieovcT, Rambus has excluded any third-party (Le^ oon- 
Hitachi) synchronous DRAMs from this investigation, and thus cannot assert that 
any non-Hilachi synchronous DRAMs are critical components to establish 

vir-w.- * ' rr.- -r "i. ; i^-.. . infKogcmefit of the M95 and '918 Peteatsz-SihceasyncKro^^ 

critical element of each of the asserted claims, but only third-party synchronous 
ORAMs which have not been accused of infringement are used in the Sega 
Drearocast, Rambus cannot establish ittfiingement of the accused SH 
inicrpprocessois. Thus, an exclusion order directed against the SH 
mieroprocessora by itself; or against the Sega Dreamcast system, is not an 
appropriate remedy. 
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Stxtb DercMe 
(Lack of Domestic In dnstry) 
46. Rambus lias not adequately alleged axid cannot prove the 

existence of a domesdc industiy or that a domestic industty is in the process of 

being established. 

RgQUESTFQREELIEE 
WHER£FORE» iStachi» Ltd. reapeetfitUy requests that the 



Commission: 



1. Determine that Hiuchi, Ltd. and HSA do not violate 
Section 337 of the Tariff Aet of 1930 as amended (19 

U.S.C.§ 1337). 

it " Deny all relief requested in the Complaint 

iil Detemiine (hat the '91S and *19S patents are unenfoicable 
and misused 

'Jy^'^T^gtn^^'^^Si*§lB and U95 patenU are invalid and not 
infringed. 

V. Award Hitachi its full costs of this action, including 
reasonable attonwysf fees. 
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vi. Order the invcstigatioji terminatedL 



Dated: 19.2000 



Respectful]; 




One of the Attorneys for 
Respondem Hitachi, Ltd. 



JeroM S. Solovy 
DoaaldlLHams 
Ronald L. Wanke 
Bazbara S. Steiner 
JENNE}1& BLOCK 
Ooe JBM Plaza 
Chicago, IL 60611 
(312)222-9350 



AlanlLMacFheison 
EdwaidCKwolc 
BiyaaKAndersoo 
SKERVEN, MORRILL* 
MACPHERSOH 
FRANKUN & FRIEL LLP 
25 Metro Drive, Suite 700 
San Jose, CA 95120 
(408) 453*9200 



Donna M.Tanguay 
MaikG. Davis 
McDERMOTTWILLft 
EMERY 

600 13' Street, N.W. 
Washington, DC 20005 
(202) 756-8000 



DocinnEm Muster : 464618 
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VEWnCATlON OF RESPONSE 

1, Seijio Shiraishu being the Departmeni Manager of the Strategic Business 
Planning Divisbn, Semiconductor & Imegrdicd Circuits, for Hitachi, Ltd., and as such I am 
authorized to make this vcrincatinn oii hchstf of Hitachi Ltd. I further declare that the 
foregoing Response vcas prepared with the advice and assistance, of oounsel, and the informuiiim 
therein was gathered from a number ofpervtiis. none of whom possesses all the infornutiuD set 
forth in the Response. Bpsed on the f07e|Euing, und based on the information cunently aviiilubtc 
to Hitachip Ltd., t dccilare that to ihe best of my knowledge, information and belief that the . 
foregoing responses arc true and correct. 

I deckire under penalty of perjury of the laws of the United States of America that 
the foregoing is true and correo. 

' * ^ -Excditcd on Siis ^ LI day of 'MkJ.^lOOO. " '^ '^ ^-i-^-^?.-^'' - 

HITACHLLTD. 



Sctiin 



iiin Shtfiishi 
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The uodersigned bmby ceitifies diat co^nes of the foiegoii^ 



RESPONSE OF HITACHI, LTD. TO THE COMPLAINT 
AND NOnCE OF INVESnGATION 

were caused to be served today. May 19, 2000, on the fbUomog counsel of lecoid by the 
maTmer indicated: 

Doma R. Koehnke, Secretary (Original and 6 copies) 

U.S. IntemauoDal Trade Conunission (By hand) 

SOOEStieeuS.W. 
Wasluqgiott, D.C. 2M36 

TbeHonorahleDebraMorriss (2 copies) 

Adoinistraiive Law Judge (By band) 

U.S. International Trade Commission 
500 E Streei, S.W., Room 317 
Washinigton. D.C. 20436 

Karin J. Norton. Esq. (i copy - By hand) 

Office of Unfoxr Inq)ort Investigations 
U.S. International Trade Conunission 
500 E Street, S.W.. Room 401-M 
Wasliington. D.C. 20436 



For Complfdnant Rambus Inc.: : \ . ^ 

Cecilia H. Gonzaler. Esq. (i copy - By hand) 

HO^'REY SIMON ARNOLD & WHITE. LLP 
1299 Pennsylvania Ave.. N.W. 
Washington. D.C. 20004 

For Respondeat Sega of Amerlcn, Inc.: 

John M. Romary, Esq. (i copy - By band) 

Wayne W. Hcrrington, Esq, 
FINNEGAN HENDERSON FARABOW 
GARRETT & DUNNER, LLP 



1300 1 Street, N.W. 
Wasbipgton, D.C. 20005 
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iBva'WfttinB Prjjyr Art \^ tl^e. 'lip? an^ fgp<F 



This appendix h based upon Hitachi*$ current factual knowledge and understanding. 
Hitachi reserves the right to rely on and present additional invalidating prior art as to (he * 195 
and *918 patents di5C0\'ered in the course of this investigation. 

1 . Kflwamasa, K.; "Memory Control Method"; Japanese Patent Application Kokat 
Publication No. S56-82961 (July 7, 198l).» 

2. Taguri, J.: "Memory Storage Device"; Japanese Patent Application Kokai Publication No 
SS7-14922 (January 26, 1982) * 

3. Redwine et at.; **Seniieonductor Read/Write Memory Array Having Serial Access**; 
United States Patent No. 4330.852 (May 1 8, 1982). 

4. Hasegawa, J.; "Memory System**; Japanese Laid Open Patent Application No. Sho 60- 
80l93(May8,1983).' 

5. Miyazaki, Y.; **Block Transfer and Storage Control Method**; Japanese Laid-open Patent 
Application Sho 60-55459 (March 30. 1985).^ 

6. Hashimoto, S.; "Data Transfer Control System**; Japanese Patent Application Kokai 
Publication No. S61-72350 (April 14. 1986).* 

7. Fischer, M.; *Tair Arbitration Technique for a Split Transaction Bus in a Multiprocessor 
Computer System**; United States Patent No. 4,785^94 (November 15» 1988). 

8. Wantanabe, T.; ''Session XDC: High Density SRAMs**; IEEE International Solid State 
Circuits Conference pp. 266-267 (1987). 

9. - -James.- D.;j;;Met5icd and Apparatus for PrrfCfming^Vari£t?e Length Data Rcsa-- - — 

transactions**; United States Patent No. 4,703,418 (October 27. 1987). 

10. Taguchi. Y.; "Memory Device'*; Japanese Patent Application Kokai Publication No. S63- 
142445 (June 14, 1988).* 

11. Taguri, J.; "Memory Storage Device**; Japanese Patent Application Kokoku Publication 
No. B63-46864 (September 19, 1988).* 

12. Horiguchi et aJ., "Semiconductor memory having error correcting means**. United States 
Patent No. 4,726,021 (February 1 6,1988). 

13. Ohno, C; "Self-Timed RAM: STRAM**; Fujitsu Sci. Tech J., 24. 4, pp.293-300 (Dec 
1988). 

14. Fast Packet Bus for Microprocessor Systems with Caches. IBM Technical Disclosure 
Bulletin, pp. ::79-282 (January 1 989). 

15. Kismagai, T.; "Storage System**; Japanese Patent Applicattori Kokai Publication No. S64- 
299SI (January 31,1989).* 
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16. Gustavson, D.; ''Scalable Coherent Interface**; Invited Paper, COMPCON Spring *89, 
San Francisco. CA; 1EEE» pp. 536-538 (Feb. 27-Mar. 3. 1989). 

17. James. D.; "SaUable 1/0 Architecture for Buses**; IEEE. pp. 539-544 (April 1989). 

1 8. Kimoto et al.» *'Micro-computer Capable of Accessing Internal Memory at a Desired 
Variable Access Time**; U.S. Patent No. 4.870,562 (September 26, 1989). 

19. JEDEC SDRAM standards. 
* Translation Included 
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■'XH TBS ONITED STATES PATENT AND TRADEMWW OFFICE 
(Case No. P043D2C3C) 



LO Application of: 

FAKMWAIiD -St al. 

SoriaX Ho« 09/492, 982\, 

Filodt JANUARY 27. 2000 

Tifelaj METHOD 0? OPERATING A MEMORY 

DEVICE HAVING A VARIABLE DATA 
INPDT LENGTH 



GrO'Hibr 

Art unit I 2818 
Before 

Examiner: T. Nguyen 




Assistant Commifisioner for Patents 
Washington, DC 20231 

AMENDMENT 

Dear Sir: 

In response to the Office Action dated May 19, 2000, kindly amend 
the application as follows; 



m Tiff CLMHg: 



Kindly 



the following claims 



^i^^-^^. The ir«thod of claim ^^^if furj^r including: 
' y providing second block size ipformation to the memory device, 
wherein the second block size iii^rmation defines a second amount of 
data to be. input: by the m^pofy device in response to a write request ; 



and 



issuing s (the) second write request to the memory device, wherein 
in response to the second write request, the memory device inputs the 
second amount of data corresponding to the second block size 



in forma ti'6n. 



01 FCllOJ « 



lil.CLIVLI.) - 
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^ ^^^^^ l^r The melAod of claim \Jl fu^< 
\ amiint of data co:rresponding to^^e fin 



:er including providing the first 
first block size information to the 



3 ^ memory device. 



1 ^sSrfT The .method of claim J^rg wherein the first amount of data is 

2 provided to the memory device after a delay time transpires. 



A method of operation lof ) in a i/vnehronous memory device. 

2 wherein the memory device includes a p^rality of memory cells, the 

3 method of operation -ef^^t^e memory d^ice comprises: 

4 receiving first block size iinfyrmation from a [bus] controller, 

5 wherein the first block size information defines a first amount of data 

6 to be input by the memory dev^e in response to a write request; 

7 receiving a first wri^e request from the [bus] controller 

8 svnchronouslv with resPe^^to an external c3ogk sicmAl - and 

9 inputting the fir&£ amount of data corresponding to the first 
10 block size info3nnati(^ in response to the first write request. 

1 I'he mQ^£hod of claim wherein the ^^^^^ affi#>»T^^ data 

2 corresponding /to the first block size information is sampled 

3 synchronously with respect to the external clock signal. 
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1 ^JbfiX^The method of clai^^l-ei further including: 

^^^j^^ ^^etfeiving second blp^ksize information, wherein the second block 
w3 jT sl^ information d&flnes a second amount of data to be input in 
^ 4 response to a [s^ondl write request; 

receivixig a second write request from the^-btte* controller; and. 

6 input^ng the second arnotmt of data corresponding to the second 

7 block sj/ze information, in response to the second write request. 



inu*«^wl 



The method/bf c la inuJ<^^ wherein the [first] block size 

2 information is a biliary representation of the first amount of data to 

3 be input in re^^nse to the firs t write request. 



The method of 
information is pro^&^s^d 




wherein the (first] block size 
ontroller . 




Kindly MD the following claims: 




' The method of claimjAlP^herein tl; 
input, in response to receipt of the first>^ite 
time transpires. 



first amount of data is 
request, after a delay 



The method of cl^ wherein the delay time is 

representative of a number/^ clock cycles of the external clock signal 
that transpire before/Uie first amount of data is input. 
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This Araenclm«nt seeks to place this application in condition for 
allowance. Several of the pending claims have been amended in order to 
more fully and/or definitely claim Applicants' invention. New claims 
have been added in order to more fully protect Applicants* invention. 
A Terminal Disclaimer is attached hereto to address the Examiner ^s 
concern of obviousness-type double patenting. No new matter has been 
added. 

OFFICE ACTION 

In the Office Action dated May 19, 2000, claims 151-156, 159-160, 
161-167 and 171-175 were rejected under the judicially created doctrine 
of obviousness-type double patenting over claims 2-5, 13, 20-23, and 29 
of U.S. Patent 6,034,918. Claims 157-158, and 168 were rejected under 
the judicially created doctrine of obviousness-type double patenting 
over claims X6-17 and 33 of U.S. Patent 6,03.4,918. 



NQNSTATUTORy DOUBLE FATEHTXN6 

To address the concern regarding double patenting in light of U.S. 
Patent 6,034,918 and in an effort to expedite the prosecution of this 
application. Applicants submit herewith a Terminal Disclaimer executed 
. by the attorney of record in this application. The Terminal Disclaimer 
is submitted to obviate the double patenting rejection over U.S. Patent 
6,034,918. Applicants believe that the Terminal Disclaimer complies 
fully with the relevant parts of 37 CFR S 1.321. 
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863 FH PG 0237 



KEWLY SUBMITTED CXAZM^ 

The new claims submitted in this Amendment have been added to more 
definitely and fully protect Applicants' invention. No new matter has 
been added. . - - 

XNFORKATZON Dl SCLOSUHZ STATQBDNT 

In compliance with the duty of disclosure set forth in 37 CFR 
§1.56, Applicants submit concurrently herewith an Information 
Disclosure StatC!ment» a modified Form PTO-1449., and a copy of the 
documents cited therein. A SSXSSC of that information Disclosure 
Statement and modified Form PTO-1449 are attached hereto. 

Several of t:he documents listed in the modified Form PTO-1449 have 
been recently identified by a respondent in a pending XTC 
investigation, namely in re U.S. International Trade Conroission 
InveetiQation No. 337-TA-431. Rartibus Inc. va Hitachi Ltd. . et al. . as 
prior art against the inventions claimed in the parent patent (i.e. . 
U.S. Patent 6. 034 « 918) of the instant application. An explicit 
' reference' ~to* these dociunents is made in paragraph 17 on page 28, as 
well as in Exhibit A. of the RESPONSE OF HITACHI LTD. TO THE COMPLAINT 
AND NOTICE OF INVESTIGATION (hereinafter the "RESPONSE") . A copy of 
the RESPONSE is also included with the Information Disclosure Statement 
submitted concurrently herewith. 

It is respectfully requested that the Examiner ma)ce his 
consideration of: the documents cited in the Form PTO-1449 formally of . 
record with the next Action. In accordance with 37 C.F.R. §1, 97(c) . 
the fee set forth in 37 C.F.R. §i.l7(p) accompanies that Statement. 
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CONCI.USION 

Applicants request entry of the foregoing amendment. Applicants 
submit that all of the claims present patentable subject matter which 
— definitely set forth the novel and unobvibus features of Applicants* 
invention. Accordingly, Applicants respectfully request allowance of 
all of the claims. 

It is noted that should a telephone interview expedite the 
prosecution in any way, the Examiner is invited to contact Keil 
Steinberg at 650-944-7772. 



Res/ect fully submit tei 



Date: June 2, 2000 ^ 












Neil A. Sti 


'einberg 



Reg. No. 34,735 
650-944-7772 
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^1. 

l|)5]aD0D 




ZH TBB XnaTED STATSS PATENT AND TAADEMftSK OFFICE 
(Case No. P043D2C3C) 



RECEIVED 

JWN I Sim 



Application of: 
PABMWALD et al. 
Serial »oi >69/492. 982 _ 
Piledj/JANOARY 27, 2000^°^'^«^C£MTER 

Title: METHOD OF OPERATING A MEMORY 

DEVICE HAVING A VARIABLE DATA 
INPUT LESfGTH 



Group 
Art Unit: 



2818 



Before 

Exaainert T. Nguyen 



Assistant Conunissloner for Patents 
Washingtonr DC 20231 



TERMIKAI, DISCIAIMER TO OBVIATE A 
DOUBLE PATENTING REJECTION OVER A PRIOR PA' 



TERMINAL OlSCUayCR 
APPWWEO 

M |.5.2Dn 



CENTER 2B00 
PROORAM CENTER 



Dear Sir: 

The owner, Rambus Inc., of the entire right, title and interest 
in the instant application, hereby disclaims, except as provided below, 
the-teminal part^-of-^he-st^tutory rerm*-of' any patent granted on -the • 
instant application , which would extend beyond the expiration date of 
the full statutory term defined in 35 U.S.C. 154 to 156 and 173, as 
presently shortened by any terminal disclaimer, o£ U.S. Patent 
'6,034,918. The owner hereby agrees that any patent so granted on the 
instant application shall be enforceable only for and during such 
period that it and the prior patent are commonly owned. This agreement 
runs with any patent granted oh the instant application and is binding " 
upon the granttje, its successors or assigns. 

In making the above disclaimer, the owner doss not disclJ-im ths 

terminal part of any patent granted on the instant application that 
0(/07/20DO 8MXM6. OOOOOQQ 500998 0M929U 

02 FCiMS UO.O0 CH ^ ^^9^ ^ 
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would exuend t.o the expiration date o£ the full- statutory term as 
defined by 35 U.S.C. 154 to 156 and 173 of the prior patent, as 
presently shortened by any terminal disclaimer, in the event that it 
later expires for failure to pay a maintenance fee, is h^ld 
unenforceable^ is found invalid by a court of competent jurisdiction, 
is statutorily disclaimed in whole or terminally disclaimed under 37 
C.P.R..1.321» has all claims canceled by a reexamination certificate, 
is reissued, or is in any manner terminated prior to the expiration of 
its full statutory term as presently shortened by any terminal 
disclaimer. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under § 1001 of 
Title IB of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent 

4.?S«i^O^ thereon . . .."^^ :^,inr'7t:if^r:ia«^-^yia».^v^ _ _ - 

The undersigned is the attorney of record. 



Date: June 2, 2000 




'Neil A. SteLnberg 
Reg, No. ^^34,735 
650-944-7772 



TERMMALDISCUUMCR 



Mi \52m 



TCCHNOLOOY CEMTER 2800 
SPECIAL PROGRAM CENTER 
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IN THE UNITED STATES PATENT AND TRADEMARK OFRCE 
(P043D2O0 



licationof. 
FARMWALOinTAL 
09/402.982 
JANUARY 27, 2000 

MrmoD or operating a memory dcvice 

HAVING A VARIABLE DATA INPUT LENGTH 



Commtssloner of PatenL*: and Trademarks 
WashlngtoaaC 20231 



Alt Unit: 2818 
Examiner T. Nguyen 

RECEIVED 
— jU»l) 6 2Dt«l — 



Dear sin 

With respect to the above-ldentlfled application, transmitted herewith ts an AMENDMErn*. 
STATUrORVTERMINAL WSCLAIMER and INFORMATION DISCLOSURE STATEMENT. 

The fee has been calculated as shown bclow: 



1 CLAIMS AS AMENDED I 




Claims Remaining 
After Amendment 


Highest Number 
Previously Paid For 


Cxtro 


Ratc 




Larjs* Ditlly 


Small Entity 


Amount 


Number of Clalnu In 
DcccssoflO 


27 


2S 


2 


5 IBJOO 


5 9X)0 


$36j00 


IrtHependenc Claims tn 
Excess of) 


1 


3 


0 


S 7B00 


S 39.00 


tosn 


First Pnsentation of Multiple Dependent Claims 




2S000 


125.00 


. -o- 


' Submisston of a^'sutuuv^^ V CTR UO(d) 
1 SiibmlWIon of InformaUon Dtsclasure Stotcmcnt under 37 CTR SL97(c) 

1 TOTALFCCDUE: 


SMOXtO 
S3i0J00 

S386iK) 



[X3Q Pleasecharge nriy Deposit AccoiintNajQ£S9fi tn theamount ofOi6£Q to cover theabovefees. AdupBcate 
copy of this sheet Is enclosed. 

|XX] The Commissioner is hereby authorized to charge any fees which may be required, or credit any 
overpayment to Deposit Account No. 500998 A duplicate copy of this sheet Is enclosed. 

RespectfuJ^ submitted. 
// (/' 

Datc;jung2.fflW 

Welhfl^'Stclnberg) 
Registration No. 34.73S 
650-944-77^ 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

(Case No. P043D2C3C) 



Application of: 

FARMWALD, ETAL 
09/492,982 
JANUARY 27. 2000 

METHOD OF OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT LENGTH 



Assistant Commissioner for Patents 
Washington, DC 20231 



Cortificata of Mailing Under 37 CFR 1.8 
I hereby certify that the attached 1) Transmittal Letter (1 page and 1 copy 
thereof), 2) Amendment (6 pages and 4 page attachment). 3) Terminal Disclaimer to 
Obviate a Double Patenting Rejection Over a Prior Patent (2 pages), 4) Infomiation 
Disclosure Statement (4 pages and documents cited in IDS) is/are being deposited with 
the United States_Posta! Service with.sufricient postdge^as first-c!3SS*.U:S.:i»4«!!, :n srt 
envelope addressed to: 



on June 2, 2000 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



(Signature) 



RFCEIVED 
JUN u o 2000 



MIchiko Sites 



(Print Name of Person Signing Certificate) 
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UNrTEDSTATi JEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Addresr. C0MMlSSI0(^0FPATOnSANDTfUa)EMARKS 
WBSMr^lSiWtXa 20291 




APFUCATIONNa ) RUNODATC 



FmST NAMED WVCMTOR 



I ATTORNEY DOCIgT NO. 



09/492*982 01/27/00 FARMWALD 



MnC2/0601 



1 



Nell A Steinberg Esq 
Rambus Ir^c 
2d65 Latham Street 
Mountain View CA 94040 



P043D2C3C 



[ ARTUMT 



2318 
DATC MAILED: 



08/01/00 



Pleaaa find below and/or attached an Office communication concerning thla application or 
proceeding. 

CommtoaloRBr of Ptttonts snd TtatfsmrtcB 



-.-..ft 



FTD-IDC pto». MS) 
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Oftlee Action Summary 



AppBcadon No. 



—TIM MAOJNQ DATE Of Ifilii eommufirefltion flippMra on fho cover 0/isot benaBtti Via eo/Tvapondsnes 
Polod tor Roflty 

-3 - 



A SHORTENED STATUTOfVY PERICIO FOR REPLY IS SET TO EXPIRE 
OFTHIS COMMUMGATION. 



.MOKTH(&) FROM YHE MAOiNQ DATH 



- EidsmloR* el lim« nay bo mfi^U^^ 

• H the petlod tot repV BP^cftad above b leu ihsn TTiiTty (30) iteyt. a rtpDy wtmin the lUlutory minhnum d Ihfaty (30) flayt «<t] be consldifwl tbntly. 

• B NO p«rfod far mply U t pad fb d ■bow». tueh pMtod «lwn. by d«lauft, «kpir« SIX (B) UOKTHS Iron th« mallbig dala el iNa «ontfmjriariton . 

• Falhm 10 raply wUhbi Ite MS or «tfcnd«d p«(M tor nrtr wQ. W itotA*. eeu^ 



status 

Q^esponstvo 10 commimteattonft) IBad on. 
□ ThlsadlOfilBRMAK- 

1 1 Stnee thit application to In concitton tor allowanea exeapt for farmal tnattam. proaaeuUon aa to tha martia la doaad ki 
aeoofdanca wHh tho prectloe iffNter fir patio Ousyto. 1635 CD. 1 1: 453 O.Q. 21 3. 

Olspoaltlon of Claims 



0» tha above clalm(8) — / 



□ Clalm(8)- 



rejected. 

Ercteim(B)i£Ai/ r^ /f:y-/r^ /^^-/^r iL^-ao ni /7^-/7:>^.,^-^^^^„,^ 



is/are pending in tha apptlcatlon. 
Is/are wRhdrewn from oonstderetion. 
is/are allowed. 



a aalm(a)- 



AppneatlonPapara 

□ See the ettaohed NoOoe of DraNspareetn** Patom Drav^ng Review, PTO-&48., 

is O approved Odtaappioved. 



are 8Ub)eet to reabidion or election 
requlremenL 



***-G Tha piopo&ed drewtng coirecttin. filed iw: 
□ The drawlng(e) filed on, 



. *s/are otijected to by the Examlnar. 



a The BpecHicatlon b deeded to by the Exair^r. 

□ Tha oath or declarafion b eb}a(4ed to by the Examiner. 
Priority under 35 UM. 9 119 (eHiQ 

□ AfiknewlfldBmanl Is made ol a dalro for torelon priority under 35 U.S.C. % 1 1 9{oHd). 

□ AB OSema* ONone of the CERfriFiEDooplDB of the pitoftty documents have been 

Of ^ - 



□ recehred h AppSeatton No. (.Series Coda/Serfal Number). 



O faceted In this national stage applicatlen from the Intenrational Buiaau (PCT Ride 1 7.2(a)). 

•CeitHted ooplaa no) lacalvedu^ ; 

Attaehmant(a) 

(Sflnfoimation Disdosure Statem©nl(5), PTO>1449. P^r Mafc) ^ 
D NoUce of RefeTanoe(s) Cited. PTO-R92 
a Nottoe ol Diallsparsort'a Patarit Drawing Review. PTO'948 



□intarvtow Sunvnary, PT0413 
Li Notice of Infonnal Patent AppHeaHon, PTO-1S2 
□ Other 



u. s. Panfu ene Tnoeneik Oka 



Action Summary 



Part Of Paper No. f 
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/^pUcation/ComroI Number: 09/492.982 P»8c2 
Art Uiut: 2818 

1 . The following action is in response to the amcndmcrt filed by Applicants on June 5, 2000. 

2. The Information Disclosure Statement submitted by Applicants on June 5» 2000 has been 
received and fully considered. 

3 . The Terminal Disclaimer filed by Applicants on June 5. 2000 has been received. 

4. New clmms 176-177 have been entered. 

5. The following ti a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the r^ections under this section made in this Office action: 

A penoo shall be entitled to a palotl unlesi - 

(b) the mvestion pstented or described in a printed publication in thii or o foreign eountiy or in public use or 
<m t&te in this oaurjuy, more than one year prior to the date of application for patent is the Umted States. 

6. Claims 15M5:i, 156, 159-163, 166-167, 171-172 and 174-175 are rejected under 35 
U.S.C 102(b) as being anticipated by Laid-open Patent Application No. 60-55459 (hereinafter JP 

JP '459 disclosed in figure 4 a block data transfer method and storage control method in . 
which the number of v/ords to be transferred is provided to the memory control device [2] via bus 
[7] (page 5, lines 1 l-l 3) and then in response to a write request (page 3, line 22). the data block 
is written to the destination memory area. 

It is inherent titat the data is in binary form, and the memory device disclosed by JP *4S9 is 
operated in synchronous with clock signal. 
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Application/Control Number: 09/492,982 
Art Unit: 2818 



Page 3 



7. ClMms 154-155. 157-158, 164-165. 168-170, 173 and 176-177 are objeaed to as being 
dependent upon a rejected base claim, but would be allowable if rewritten in independent form 
including all of the limilations of the base claim and any intervening clsims. 

8. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Tan T. Nguyen whose telephone number is (703) 308-1298. The examiner 
can normally be reached on Monday to Friday from 04:00 AM to 04:00 PM. 

If attempts to naich the examiner by telephone are unsuccessful, the examiner's supervisor, 
Mr. David C. Nelms, can be reached on (703) 308-4910. The fax phone number for the 
organization where this application or proceeding is assigned is (703) 308-7724. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be direaed to t^ic rcccptiohist whose tel^hone number is (703) 308-0956. 




Tan T. Nguyen 
Primary Examiner 
An Unit 2818 
July 31. 2000 

T.N 

07/31/00 
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IM THE UNITED STATES PATENT JOID TRADEMARK OFFICE | 

(Case No. P043D2C3C> )l|)*f/OX) 



Zn the I^licatlon of: 
FARMWALD et al. 
Serial Ko: 09/492,982 
Filed: JANUARY 21, 2000 




Title: METHOD OF OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 

INPUT LENGTH 

Assistant Conunissioner for Patents 
Washington, DC 20231 




Group 
Art Unit: 2818 

Before 

Examiner: T. Nguyen 



dffpesitod wt ih Dm United Suta PortiJ I Scm'ct 
n Aim elsn mil wnh tuflitieBtpasqp inn 



tftamartam Matins ConopondBce) 



Dear Sir: 

In response. to the Office Action dated August 1, 2000, kindly 
amend the application as follows: 



™ THE CIAIMS: 

Kindly amend the following cl/4ims: 

In claim 158, line 1,/replace "156" with — 157 — . 

In claim 159, line 2, after the first occurrence of ''the", insert 
— first — . / 

In claim 161, line 3r delete the second occurrence of *'of" and 
substitute — in — . 

In claim 163^, line/5, delete *'bus" 

In claim 171, lifle 6, delete "from a bus". 
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REMRRKS 

This Amendment seeks to place this application in condition for 
allowance. All of the Examiner's rejections have been addressed. 
Several of the pending claims have been amended. No new matter has 
been added. 

OFFICE ACTION 

In the Office Action mailed August 1, 2000, claims 151-153, 156, 
159-163, 166-167, 171-172 and 174-175 were rejected as being 
anticipated by Japanese Laid-open Patent Application No. 60-55459 
(hereinafter "the '459 application"). The remaining claims, namely 
claims 154, 155, 157, 158, 164, 165, 168-170, 173, 176 and 177, were 
objected to as being dependent upon the rejected claims. 

•"-JRojec^on -35' %j..StC',~ § -102: . ' ' ' _ ' ' - 

Applicants respectfully disagree with the Examiner's position that 
the rejected claims are anticipated by the *459 application.' The 
Examiner stated that the '459 application discloses in figure 4, a 
block data transfer method and storage control method in which the 
number of words to be transferred is provided to memory control device 



^ The rejection here is based on prior art which similar in many 
respects to the prior art, namely Jackson, U.S. Patent 4,315,306, which 
formed the basis of the 35 U.S.C. §102 rejection made in the parent 
application (App. Ser. No. 09/252,997, now, U.S. Patent 6,034,918) 

Page 2 
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via bus [7] (page 5, lines 11-13) and then in response to a write 

request (page 3r line 22), the data block is written to. the destination 

memory area. While this may be true, memory 1 disclosed in the '459 

application — unii)ce the clsiraed invention — is net provided nor does 

it receive information indicating the ^number of words to transfer^* as 

required by the claims of the instant application. For example, claim 

161 (as amended) recites in pertinent part: 

A method of operation in a synchronous memory device, , . . 
the method of operation in the memory device comprises! 

receiving first block size information from a 
controller^ wherein the first block size information defines 
a first amount of data to be input by the memory device in 
response to a write request 

The memory in the '459 application does_..np.t receive block siz e 
information. Rather, the memory of the *459 application responds to 
the sequentially applied address and control signals from the memory 
'^bbn€rol. device 2 in order to store the appropriate number of words in 
memory 1. 

It is the memory control device 2 of the '459 application which 
receives, decodes and stores the information indicating the number of 
words to be stored in memory 1. In this regard, the memory control 
device 2 stores the number of words in a counter, and, based thereon, 
generates, and sec{uentially applies the appropriate address and control 

'For the purposes of this discussion, *che phrase number of words 
to transfer" may be assumed to correspond to '^block size information" . 

Page 3 



signals necessary to write the words to memory 1. The information 
indicating the number of words to transfer is nat provided to the 
memory (and as such, the memory does not receive such information) in 
the '459 application. 

*4^q appUcation 

The '459 application discloses a system including memory 1, memory 
control device 2, cache memory 3, a main processing device 4, and an 
input/output processing device 5. (See Figure 2). The memory 1 is 
connected to memory control device 2 via memory bus 6. Memory control 
device 2 and input/output processing device 5 are both connected to bus 
7 (See, the '459 application, page 3 lines 11-16, and Figure 2). 

Communication between memory 1 and devices connected to bus 7 is 
executed via memory control device 2. In this regard, the '459 
application states that "control of reading or writing from memory 1 is 
perf ormed by memory "cohtrbl^Evici^^^^ memory ous^*?**' (page' 3, line 
13*14} . The memory control device 2 controls memory 1 via a memory 
interface which includes memory address signal 242, memory data [bus] 
243 and memory response signal 240. (See, the '459 application, page 6, 
lines 17-21) . Address signal 242 and data 243 are employed to transfer 
address and data, respectively, between memory control device 2 and 
memory 1. (See, the '459 application, page 6 lines 18-21 and Figure 6) . 

in operation,, a ^number of words to transfer," together with 
origin and destination addresses, are provided to memory control device 

Page 4 
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2. (See, e.g., the M59 application, page 4, lines 36-39). Memory 

control device 2 increments or decrements source and destination 

address counters: while maintaining a count of the number of remaining 

words to be transferred to memory 1. In this regard, the '459 

application, on page 5, lines 21-24 states: 

The counter for the remaining number of words to transfer, 
which is set with number of words to transfer, is 
decremented each time data is transferred and stored, and 
when that count value reaches zero, transfer ... ends. 

The memory control device 2 of the '459 application, at all tiroes, 
maintains the Iriforroation regarding the number of words to transfer, 
generates the appropriate control and address signals, and applies the- 
control and address signals which are necessary to transfer the 
requested number of words to memory 1. (See, the '459 application, page 
7, lines 26-39, and Figure 9) . The memory control device 2 receives, 
- ^S^9J^tS.t. a counte£-2P3,. information'ltidicafc-ing«thc number * 

of words to transfer to memory 1 and, based thereon generates address 
and control signals and sequentially applies those addresses and 
control signals in order to transfer the indicated number of words from 
memory 1. The memory control device 2 does fifi£ provide information 
Indicating the number of words to transfer to memory 1. 
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Although the '459 application does not describe memory 1 in great 

detail,' memory 1 is most likely a standard off-the-shelf memory device 

or memory module incorporating the same, for example, memory devices 

like those described in the Kung et al., U.S. Pat. 4,449,207, and Voss, 

U.S. Pat. 4,646,270. The memory 1 described in the '459 application 

does not appear to input or output data synchronously with respect to 

a clock signal. Instead, control signals such as function signal 241 

and memory response signal 240, generated by memory control device 2, 

are employed to signal the transfer of data between memory 1 and memory 

control device 2. (See, the. '459 application. Figure 9, and page 7, 

lines 26-34). The writing of data to memory 1 from memory control 

device 2 is described on page 7, lines 31-34 as follows: 

, . .after response 240 is acquired, if memory function signal 
241 is made the write mode [ ] the contents of transfer 
destination address counter 203 are output as memory address 
signal 242, memory data 243 is transferred to and stored at 
the trans:*er destination memory area." 

The *4S9 application Does Not Anticipate Claims 151 and 152 

Claim 151 is directed to a method of controlling a memory device 
and requires, among other things, providing first block size 
information to the memory. The first block size information defines a 
first amount of data to be input by the memory device in response to a 
write request. 



' The *459 application suggests the use of "The latest dynamic 
RAMS" featuring Nibble Mode Support" as in "^Nikkei Electronics, April 
1983." (see page 8, lines 38-39). 
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As mentionec: above, inf onoation indicating the number of words to 
be transferred by the memory. control device 2 is not provided to memory 
1. Instead* memory control device 2 of the '459 application receives, 
decodes and stores that information in a counter, and, based thereon, 
sequentially generates the address and control signals necessary to 
write the words to the memory device. In this regard, the system 
described in the '459 application is similar to the system described in 
Jackson, U;S. Pat. 4,315,308. The claims of the parent (i.e., App. 
Ser. No. 09/252,997, now, U.S. Pat. 6,034,918) of the instant 
application were initially rejected as being anticipated by Jackson but 
ultimately found patentable over Jackson. 

Importantly, memory 1 of the *459 application does not receive 
information indicating the number of words to be transferred. The 
memory 1 simply responds to the sequentially applied address and 
control signals provided by memory control device 2. 

- - Thu3^^for.>at least the»e reacons, -the '459 oppH ciit ion -debs noit**' 

anticipate claim 151 or the claims which depend therefrom.* 



* It should be noted that claim 152 requires that the memory 
device input the data synchronously with respect to sn external clock 
signal. The memory disclosed in the *459 application does not input 
data in this manner. 
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Jh^ aipplleation Does Wot Anticipate Claims 161 and 162 

Claim 161 is directed to a method of operation in a memory device, 
andr like claim 151# requires that the memory device receive first 
block size, information. 

For reasons similar to those mentioned above, the memory disclosed 
in the '459 application does not receive the information indicating the 
number of words to be transferred. The memory of the '459 application 
simply responds t:o the sequentially applied address and control signals 
from the memory control device 2. The memory control device 2 
receives, decodes and stores information that indicates the number of 
words to be transferred to memory 1 in a counter, and, based thereon, 
generates and sequentially applies the appropriate address and control 
signals necessary to write the appropriate number of words to memory 1. 
The information indicating the number of words to be transferred is not 
provided to memory 1. 

, .^^TAV?» Jf^^ 5 1 :t he se:ir,e a s ojna., ^tbe f 59- eppa. i ca 'c i on 1i o^s" n*bc 

anticipate claim 161 or the claims which depend therefrom. 

The '459 aoplic-^tl^n Hop!^ nm- ^-t ^Tf'lTl ""^T 

Claim 171 is directed to a method of operation of an integrated 
circuit, wherein the integrated circuit includes a memory array. Claim 
171 requires, among other things, that the integrated circuit 
block size information. The memory device disclosed in the *459 
application .does.ii2£ receii'e the information Indtcfltinq the number of 
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words to transfer. Thus, for at least this reason, the ^459 
application does not anticipate claim 171 or its dependent claims.. 

CONCLUSION 

Applicants request entry of the foregoing Amendment. Applicants 
submit that all of the claims present patentable subject matter. 
Accordingly, allowance of all of the claims is respectfully requested. 

It is noted that should a telephone interview expedite the 
prosecution in any way, the Examiner is invited to contact Neil 
Steinberg at 650-944-7772. 



Respectfully submitted. 
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Zn the application o£: 

FARMWALD et al . 

serial No: 09/4!)2,982 

Filed: JANUARY 21, 2000 

Title: METHOD OF OPERATING A MEMORY 
DBVICE l-CAVING A VARIABLE DATA 
INPUT LENGTH 



Assistant Commissioner £or Patents 
Washington, DC 20231 



Group 
Art Dait: 

Before 
Examiner: 



T . Nguyen / 



I Wvcty ccfttfy ttiti dits coitupowfaw if bils( 
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<Mcwpe •Micucd lo ftc CORMtsioMr of 
NtcQU ndTridccititi, WiAbgtan. D.C 
20D1 eft 

(Ninn of Mnknt CocfcspoAdcnoc) 



AMBNZ3MENT ^ 

Dear Sir: R ^ 

In response to the telephone interview of November 21? ^ 

2000, kindly amend the application as follows: g 



Kindly del»€e^laim 175 (without prejudice), 



Kindly amend the fpirlowing claims: 
/ 
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i. 



^C. (Amended) A method of controil^rfig a memory device ^ 
a memory eon t roller , wherein the m^ory device includes a 

3 plurality of memory cells, the met]^ of controlling the memory 

4 device comprises: 
3 providing first block s^e information to the memory device, 
6 wherein the first blocr size information is Drovide<3l fry tha 

memory cont roller and defines a first amount of data to be input 

8 by the memory device in response to a write request; and 

9 issuing a first write request to the memory device, wherein 

10 in response to the first write request the memory device inputs 

11 . the first amount of data corresponding to the first block size 

12 information. 




idrati( 



(Twice Amended) A method of op^ation of an integrated 
^2 ^'circuit, wherein the integrated circuit includes a memory array 



havlng-^'a^plura^ritV of memory " ceils; the method oi*~' operation 
comprises: 

5 receiving block size information from a eontrolley. wherein 

6 the block size inforination defines a first amount of data to be 

7 input in response to a write request; 

9 receiving a first write request; and 

9 inputJt^ng the first amount of data corresponding to the 

ir 



10 



b lock^^ze infc rmation in response to the first write request. 
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This Amendment seeks to place this application in condition 
for allowance. In the telephone interview on November 21, 2000, 
the Examiner expressed a concern that claim 151 - could be 
interpreted in such a way as to read on Japanese Laid-open 
Patent Application No. 60-55459 (hereinafter "the '459 
application") . While the Examiner recognized that memory 1 of 
the *459 application does not receive block size information, 
the Examiner expressed concern that the memory control device 2 
together with memory 1 could be considered as the "memory 
device" of claim 151. While Applicants do not agree with this 
point of view, nevertheless Applicants have amended claim 151 to 
more particularly point out and distinctly claim the invention 
to recite a method of controlling a memory device by a memory 
controller. Amended claim 151 also requires, among other 
things, that the first block size information is provided by the 
memory controller. Thus, both the memory controller and the 
memory device are expressly set forth in claim 151. 

Applicants submit that all of the claims present patentable 
subject matter which definitely set^ - ^the. novel and 

■ unobvious "T^Mtures of ' Applicants' invention. Accordingly, 
Applicants respectfully request allowance of all of the claims. 

It is noted that should a telephone interview expedite the 
prosecution in any way, the Examiner is invited to contact Neil 
Steinberg at 650-94 4-7772. 



Date: November 22, 2000 



Resoectfully submitted, 




Nell A. Steinberg 
Reg. No. 34,735 
650-944-7772 
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Dear Sir: o 

In compliance with the duty of disclosure set forth in 37 C.P.R. 
SI. 56, sutamitted herewith is a modified Form PTO-I449, including a copy 
of all of the documents listed therein. In accordance with 37 C.F.R. 
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Rambus Inc^ , as orior art against the inventions claimed in the parent 
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explicit reference to these documents is made on pages 24-25 of the 
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(hereinafter the -INITIAL DISCLOSURE- ) . A copy of the INITIAL 
DISCLOSURE is also submitted herewith. 

It is respectfully requested that the Examiner make his 
consideration of these references formally of record with the next- 
Action. 



Date: Movexiiber 17, 2000 
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Date. November 22. 2000 

Registration No. 34.735 
65(W44-7772 
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09/492.982 01/27/00 FARMWALb 
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Neil A Steinbero Eso 
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2465 Latham Street 
Mountain View CA 94040 



TW9 b B oomnutteOon tram mo ixBJrtner h ctaiyt ol your 
OOMKRSSIONER OF PATEKTS AND TRADEKMRKS 



2818 
OATEMMLEO: 



11/28/00 



NOTICE OF ALLOWABIUTY 

An ddbna belno BDowBble. PROSCCUTIOM ON THE MtWTS IS (0MEMAfN3) CLOSED In iMs appicaflon. 11 ntrt Indutfad heieMMi (er 
pravtously malted), a NetJea ot ASoweiiea and lasuo Foe Oua or othaf approprtata oommurtleailon wm be maliad In due cotme. 

d/TWa oonununicatlon Is nnponalve to 

l^Tha atovitrf c'A!m(e) la/tov^ 

D ThDdrBw)nosfOBdon__ 



. are acoeptaWa. 



□ Acknowtadoafiwrn Is made of a cbitm (or foreign pilomy under as U^X. fi 1i9(aHd). 
□ AO □ Some* □ None of iheCEiniinEDeepleaormeprlorftydocumatttthavebMn 

□ received. 

□ received In Application No. (Siertes Code/BoilBl Number) . — ^ 



□ raeelved In INa natiena) alaBO appOeaiton from (he Intemailenal Bureau (PCT Rule 17.2(8)). 
'Certified eoplsa rtel received 



□ Ackrwwtad0amen!-l8 mad* of a claim for domaatic prlortty under 35 U.S.C. fi 110(o). 

A SHORTENED STATUTORY PEHIC>0 FOR REPLY to comply with the requlremams notod below is aet to EXPIRE THREE M0K1HB 
FROM THE -DATE MAILECT of this Ciffice actloa Falture to tbnely comply wIU resutl In ABANDOl^ENT of iMa appUcatlon. - Etfi ' 
tbno may bo obtained under the provl>)om orif 37 CFR 1.136(a). 





□ Note the attached EXAMINER'S /MENDMEKT or NOTICE OF INFORMAL APPLICATION. PTO-162. which diaelosas that the oath or 
decJaraUon ii defldam. A SlIBSTTrVTE OATH OR DECLARATION 13 REQUIRED. 

eg Appllcanl MUST Bubmll NEW FORMAL DRAWINQ9 

□ because the orfginaNy filed drmvfngs ware deciaredby appHoant lobe MonnaL 

Sf Inctuding changes required by the Notice o1 Dranperson'a Patent DiewlnB Rsvlew. PTO-BAB, asachsd hereto or to Paper Na 12< ' 

□ Including changes required by the proposed drawing correctioA filed on ' whtan has been epproved -. 

bytheexamlnar. 

□ Inetuding ehsftges required^by attaC^.ExAmlna^ej^'^nc^ 

Identifying Indlela euch aa the eppnestlon nomber (oae 37 CFR 1iM(e)) should be written on the leveree aide off .the diewtngi 
The drawings should be fDed es e eaparete paper with etmnamlttal tetter eddraasad to the Official Diaftpereoru ■ • 

□ Note the attached Examlner'a.coinment regarding REOUlREMEhfr FOR THE DEPOSIT OP BIOLOGICAL MATERIAL 

Any reply to this notioe should Ineludti. In the upper tight hand comer, the APPUCAT10N NUMBER (SERIES CODE/SERIAL f^MBER). If' 
eppocam has reoelved a Notlee of AB'Swance and Issue Fee Due, the ISSUE BATCH NUMBER and DATE of the NOTICE OF 
AUOWANCE should abe be Included. 

Altaehmenl(a) 

□ NotlcaoiRefBreRoesCtted,PT0^2 
(Ef^nformailon Disclosure Statamc<nt(8). PTO-1448, Paper No(s). . 

□ Notlee of Draftspereonre Patert Drawing Review, PTO-948 

□ Notice of Inteimal Patem Application. FrO-152 

□ Interview 8ummafy.PTD413 

□ Examiner^ AmendmenlComnieftt 

O Examlnet'a Cormnenl Regarding Raqutrement for Doposk of Biological Material 

□ Exairtnei'aStalenieni Of Reasons tor AOowanoe 





TAN T.NGUYEN 
PRIMARY DCAMINER 
GROUP 2BO0 
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PatBfvi snd TractMnArtc OfflcA j: -^^^ 



NOTICE OF AUOWANCE AND ISSUE FEE DUE 

MMCl/n2G 



Neil A S.ii&lnberq Esci 
Rambus Inc 
24^5 LathAiQ Street 
Mountain View CA 9^040 




TOTAL CLAIMS 
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: 1: y^;^<0$?492-^$te-^ 0 1 /27/ 00 026 



NBUYEN, T 



ApCAoM 
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nriEOF METHOD OF OPERATING A MEMORV bEVICH HAVING A VARIABLE: DATA INRJT 




ATTrsooocerNa 



CLASt;.6UaCLAS8 | BATCH NO. { APPUJ. TYPE | SMAU.EMTITY | PEE QUE 



P043D2C3C 



363-233.000 VS6 UTILITV 



NO 



$1240.00 



UCATlOn /DENTlFfBD AltOVB HAS BEEN EXAMINED ANDISAUOWEO FOR iSSUANCEASA PA 

^0)^pN THE METRITp pf CLOSED. .i^./i 



J^fiGdApdN SHALL BE REGARDED AS ABANDONED, twi^ cr^Tiirnpv omnn (y fff/f^ffj 

H6WtO RESPONO to this NOTICE: 
1. Review the SMALL ENTITY etalus shown above. 

If the SMALL EMTTTY Is ehown as 'rES, verify your 

currem SMALL ENTmr status 



A. If the status is changed, pay twloe the amount ol the 
•^fEE DUE shown above and notify the Patent and 
- v^i^iademailc Offtce of the change f neta tus, or 
;^n B;^^th8 status is the same, piay the FEE DUE shown 



If the SKAALL ENTITY Is shown as NO: 



A. Pay FEE DUE shown above, or 



B. File verified statement of Small EntRy Status before^iVl 
payment of 1/2 the FEE DUE shown above. : 



'5S?;r"*2?'® Transmittal should be completed and returned to the Patent and Trademartc Ofnoe (PTQ) with yt«»^' 
•IW|?^Sf?^ ^ ^ ''^^ ^ already been paid by charge to deposit account, Part B Issue Fee Tra 
jgii^^djB;cb If you are charging the ISSUE FEE to your deposit account, section 'At'M 

iSftft^lJ^^ .Pee.^ bC) conflated and an extra copy of the form should be-submmed. 

AltSJfiSnunlcattons re^rdlni IWs application must give application number and batch number. 
. Please direct all communications prior to tssuanoe to Box ISSUE FEE unless advised to the oomrary. 

PWTAWr REMINDER: UUUty patents Issuing on appllGoVons Wed on or after Dec. 12, 1980 may nqulnpiMi 
V* ' . '"^f'^'^^^^f^^ It Is patentse'ensponstMUty to ensura timely payment of 

' fees when due, 

PATENT AND TRADEMARK OFRCE COPY 
;{nOt«S (REV. 1046) AppMd totiae BuDugh OUOM. (oest^OS)) 
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Z& tbo Application o£s ) 






FMUSWALD BT AL. ' ) 


Art Tftiits 


2818 


serial Net. 09/492,982 ) 
Plledt January 27, 2000 ) 


Before 
Bxaainers 


T. Nguyen 


Title: METHOD OF OPERATING A MEMORY ) 
DEVICE HAVING A VARIABLE DATA ) 
INPUT LENGTH ) 







Assistant: Commissioner £or Patents 
Washington, DC 20231 

Attn. : 0££lelal Draftspereon 



transhittaxj of forbial brakings 



Dear Sir: 

Enclosed hfsrevdth is one (1) set of fourteen (14) sheets of formal 
^df^ih^ f or filing in the abo>^- referenced* paten t^pp^^ The 
changes required by Applicants' proposed drawing corrections have been 
approved by the Examiner and incorporated into the attached formal 
drawings , 

Applicants respectfully request that the enclosed drawings be 
accepted as. foimal drawings in the above-referenced application. 



D5%te: DeceTb?;r S, 20CC 
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650-944-7772 
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Wou0h4riwUUb0Complet8d«haroappfDpriBl5. MfurMreorissponaneaMHSiMMtoUttif^FM 
ReedpL n* Paicni. aOMnc* orMn and nctfleallcft d rrmlmenenco laet wOl be maPed to the omem 

oorrespondenoo address as hdlcaied untess comicted below or tfreded oirrarvnsB in Sto ck t.by (a)^ 

speeityb^ a now eorrwpondince eddrtm; ancVyt (b) bwlteatine r njparaJB'TEE ADDHt»;;fg^O0 
wstntananceleenotiricfltiem. 
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CefftMeata or Mailing 
I hefobyoentfythatMi issuaFeeTamnlwIibekiQtfBpcSBidiiiflh 
n Uriied Statts Postot Senrtca wIBi iirffldcnl poatapa lor Cm dns 
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APPUCMIONMOl 



PIUMaOATB 



TOTAt 



EXAMNEn ANO OaOUP ART UMT 
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026 



NQUYEN. T 



2818 11/28/0.0 



FARMUALP. 



35 use 154 (b) term ext. b 



0 Da vs. 



TnUEOF 



METHOD OF OPERATING A MEMORY DEVICE HAVING A VARIABLE DATA INPUT LENQT 
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I BATCH WO. I APFIKTYPE j aaiLEWnTV \ FEE DUE | OATCDUe" 



ATTV8 DOCKET NO. 



P043D2C3C 



365-233.000 V56 UTILITY 



NO 



4:1240.00 02/28/01 



_a o> oonQiponoanoa addmss or Mlcasor. of ' Pee Adoreu* f37 CFR 1 .363). 
Uto of PTQ fonn(t) and Cuiumv Numtwf ars raconi(nende<l bul not ■wM'ecl 

L!1 ChanQO of oonespondsnoe addrasa (of Qiange oT Correxpondenoe Address Ipnn 
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the name of e iin0i» nn» (h««ig as a 
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M A' Hhmhtrj 



X ASS1GNE£ NAME AND REStOENCE DATA TC> BE PRIKTEO ON TKE PATCm (pilmor type) 
PLEASE NOIl: UniBis an asa^gnea b UanlUbd below, no assignee data «Q> appear on the pel^ 
Ir^uslsnof assIsn8e0aiiisorlyapprQptaiawlnnenassiQe«'<an)hBsbeenpievious)|r »tetttadio 
(he pro Of bbainpiub<f«lad under aapareta (over. ConitadOAef iMslennUNOTaaubsiUtMbr 



(A)NAMeCPASSlQNEE fct/JT -T^C - 



IB) 



{CTTYASTATEORCOUMTHY) . . . - 

neasa Cheek M ftppropitata usionaa eataoor/ tndicatad beioar («ia 
P1cefpefaaMerflMrpAAitoc«Mp>ntllr \ U 



4a. TVn fonowmg IMS are eroased (make tftaok payatta D 
ofj^aiams and TfBdafflafkiO: 

^^^fiueFee 

JaS^dwanoa Onlaf • » oC Cflplei. 



40. TVie teaoweiQ tees or defldieney in tme reca anoiM be c»«ioaa la: 

DEPOSIT ACCOUHT NUMBER 7Q^0^^2 

(ENCLOSE AN EXIfU COPY OF THS FORM) 
K Issue Fee 
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NOTE: TT» Isaue Fea ado not be aesepnd tJom a 
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TrademailOWfle. 



Buntoo Hour $tatam9f^ TWs torm Is esUmatad lo take 0.2 hours to complete. Tbne wtl vary 
dependtng on Ihe needs d the MhrfduBl case. Any oommento on the amounlol time required 
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Office. WasMngw aC 20231. 00 NOT SEND FEES OR COfktf>LETE0 FORMS TO TMIS 
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IN TBi: UNZTED STATES PATENT AND TKia>sQaiK OFFZCE 

(Case No. p04aD^C3C) 



the Applleatriiao o£s ) . 

PARKW.>a.D ET AL. ) Group 

) Art unit: 2818 
Serial »os 09/492,982 ) 

) Beforo 

Filed t JAKUARY 27, 2000 ) Bxanlneri T. Nguyen 

) 

Tibial METHOD OF OPERATING A MEMORY ) 
DEVICE HAVING A VARIABLE DATA ) 
INPUT LENGTH } 



Assistant Coxnmissioner for Patents 
Washington, DC 20231 

Attas Box Zaaua Faa 



TRANSHZTTAXj of PAYMENT OF ISSUE FEB 

Dear Sir: 

Transmitted herewith for the above-referenced application are: 



- rxx]- 1 9 cue ''Fee^Transmi ttai ^fStm ■pl'Oi;- B5B 7' " " 
(XX) utility Fee: $1,240.00. 
[XX] Advance Order - # of Copies 5 - 

t ) A check in the amount of is attached. 

[XXI The Assistant COfnmisBioner is hereby authorized to charge 
and credit Deposit Account No. 50-n<iqfl as described below. 
A duplicate copy of this sheet is enclosed. 

(XX) Charge the amount of S1.255.QQ . 

(aocj Credit any overpayment. 

[Wj Charge any additional fee required. 



Date: December 3, 2000 




Neil A. Steinberg 
Reg. No. 34,735 
650-944-7772 
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IN THE UNITED STATES PATENT ANI^TRADEMARK OPFldE 

Tioem^pS5^ cp (Case No. RA04302C3C) 

In the Application of: 

,FARMWALD,ET_AL„: . 

09/492.982 
JANU/ii^Y 27. 2000 



Serial No, 
Filed: 
Tltie: 



METHOD OF OPERATING A 
MEMORY DEVICE HAVING A 
VARIABLE DATA INPUT LENGTH 



Assistant Commissicmer for Patents 
Washington. DC 20231 



Certificate of Mailing Under 37 CFR 1 .8 
t hereby certify that the attached 1) Transmittal of Fomnal Drawings (1 page and 
14 sheets of Formal Drawings); 2) Transmittal of Payment of Issue Fee (1 page and 1 
copy thereof); and 3) Issue Fee Transmittal (1 page and 1 copy thereof) is/are being 
deposited with the United States Postal Service with sufficient postage as first class 
U.S. mail in an envelope addressed to: 



Assistant Commissior^er for Patents 
Washington, D.C. 20231 



on December 8, 2000. 



{Signature) 

l\^ichiko Sites 



(Print Name of Person Signing Certificate) 
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Ms. Michiko Sites 

RAMBUS INC. 

2465 Latham Street 

Mountain View, CaHfomia 94040 



IN THE XJNITED STATES PATENT AND TRADEMARK OFFICE 
(Any. Docket No. RA043D2C3C) 

APPLICANT: F/JRMWALDKTAL. FLLED: January 27. 2000 

SERIAL NO.: 09/492,982 

miEr' *hS£TaOD<}FOPERATn<G A MEMORY DE\^CE HAVING A 
VARIABLE DATA INPirr LENGTH 



RECEIPT OF THE FOLLOWING PAPERS IS ACKNOWLEDGED 

1. Issue Fee Transmitta) (1 page and 1 copy thereoO 

2. Tiansmitcal ofPaymeiit of Issue Fee (1 page and 1 copy thereof) 

3. Transmitcal of Fonnal Drawings and formal drawings ( I page and 14 sheets) 

DATE: DECEMBER 8, 2000 ATTY: NAS 
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XH THE UNITED STATES PATENT AND TRADEMJAR . OFFICE 
(Case No. P04aD2C3C> 



In the Applic<itlon of: ) 






FARMWAT.P et al. .. ) 


Group 




Serial No: 09/492,982 1 


Art Onit: 


2818 . 


Filed: JANUARY 27/ 2000 ) 


Before 






Exanlner: 


T. Nguyen 


Title: MCTH0I3 OF OPERATING A MEMORY ) 




- DEVICli HAVING A VARIABLE DATA ) 






■ INPUT LENGTH ) 







Assistant Ccnunissioner foe Patents . 
Washington, • DC 20231 



XNFOSUOITZON 



FAX RECEIVED 
JAN 30 2001 

Dear Sir: - PETITIONS OFRCE 

In conpliance with the dury of disclosure set forth in 37 C.F.R. 
§1. 56, subrtiitbad herewith is a modified Form PTO-1449, including a copy 
of' all of the documents listed therein. . . 

The docuroants listed in the PTO-1449 have been recently identified 
in a Notice of Opposition filed against European Patent EP 1 004 956 
(Hereinafter* the ^OPPOSITION * EP 1 004 956 contaijis claims that.era^,. 
Bimife to claims ih'at^sV P^^ 6. 034. 918.' the parent of the instant 
application. A copy of the OPPOSITION is also submitted herewith.. 

It is . risspectfully requested that the Examiner make his 
consideration of these references formally of record with the next 
Action. • 

Respectfully submitted, 



Date: January 29, 2001 




Neil A. Steinberg 
Reg; No. 34,735 
6S0-S47-5325 
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EuropMuPawmOfflca 
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L Patant opposed 



(orEFOsMealy 



Opp.No. 



opponi 



DitB sf moithui ofths 0not In ths Evopun Piiflit Btflc^ 



EP1 004 956 81 



00(^101832.4 



03.01.2001 



Titlt of lh« inviintfon: 

METHOD OP OPERATING A SYNCHRONOUS MEMORY HAVING A 
VARIABLE DATA OUTPUT LENGTH 



n. PrpprtttoraJlhtPrtint RAMBUS INC. 



OffpBiMrt'i or ntprfiMiiwf't rtfanm nvk. 
IH. Opponent 



CST/M70ei5G(D1) 



Sbl» ef f MUinflt or of prbidpil 
pIcetolbiaiiiMf 

Tohphantnolii/ya 



MKAONCUROPEUtf 







WtSinoten BuilfMn Pwk 
OukooRUo 
Ciuwtiimno 
fttfiohra AG4S 6WS 
UNTmOXINQOOM 



UNITED KINGDOM 



fV. Airthorisatbn 

1. RiprtMmativ» 
(Nam* orty cm rapnscnutiiie io 
wAomitxiIicidan B £0 so inad4 



. AtftfrniofpiKoofbtsbM 



t CiitplQy«e(i)ord)«oppononi 
ouOioiiscd fo OiHO opposidon 
onsCBQd^ uno&' M. USUI 



Chrlatopha/ 8tsph«n TunataD 

Harrison Ooddord Foole 
Tower HouM 
Menlon Wo/ 
Ueda L52 SPA 
UNITEO KINGDOM 



1113 8901400 



""] ion «ddtttan»i ^evtfMt Bueioriufion) 



O?P0tS) 
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P pnM0M l:200V 



ET 
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- 1 



683 FN PG 0280 




3- I- I : ..IflsIR 

EP00l6l832> 



.CCIJT.Eqf-.^ -t-^B 89 2aa9H 



Notice of Oppositionto a EuropeanPatent 

J ! L L 



EuropeinPatentom 



L Pvt»ntapp«ted 



t«/tm«|1IEPC) 



OW.W>. : OPPO ID 



EP 1 004956 B1 



TU«a<«iBfamillMK 



R. Pnprtitof o5 the Pnsfit 



Qpponst't V nipminaiiw*'* n/ersnoi Hat tl iMtn) 
lU. Opponent 



,L r,i i i„,i r, 



MicnoN recHNOLOoy itaua. sml 

Via Anxnla P»dnoiB arr 
Mueto indufMal (AQ) 
Bufldng 13 

STOs t Av«<uAO (AO) Ittlta 
fTALY 



Surtc Of roidttwt 0 «l piVidpa] 
ptM» of baslnsa 


TTAUY 


TctcphoMTrdrj/Fv 

















fV. Ainliorluden 

1 RiprntnatNB 

pttiiB only wt rtprasemiM lo 
vwftem noBflcstfan a u ba mid^ 



AdAm of irtict of btalnon 



Telciilmnt/Tfkbi/Fu 
AdtOtteflif ripfuuiUSMW 

eumscd ft' mesd opposlooA 

AuUtorUaHwifo) 
To 1/2. 



I t I f I I 



(on iddMoml tfienlkii vitiofludoa) 



OPPO ISI 



Nimoftf: 



• 2' 
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V. OppoiHi«nb filed asainst 



IS 



Claims 1-21 



VI. Grounds f ar opposltbn: 

M ti«!Sifi(er3n^<i!era(tf»Etn^KipttfmeppoKabtttpiuaQth(ArLtQQME^ 



- td6eiii6iiavotoiainMniiv»8sp(AaSUl):26eKl 



OftMnrgrMiii. Ii 



ly k iDlMrcBflM Of byi pvURSkM in ou K (Aa MCnl CPC* IM Aa O CFC)^ 



«r M «0.itf ipptottan n 000 (rVL ioo(c| CPC An. \um tfQ. 



VS. F8Cts and tf guments 

piMwtM In »9psftcf a>c Bppsiittan v« submkntf fwi^ 



VIII. Othtr revests 

That the Pateni: be revoked in its entirety. 

That iMe oppo&llien be subjea to EXPEDITED HANDUNQ. 



CerEPOoMSBlir 



Pnnted:05-01-200r'— 
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DC EvUenta pitunXtd 



) Imemtftonal Patani Appllcstlon WO9l/16680i Publbhed Ocubar 31, 1991 (Th* Parant 

-AppUcsticr-"; 

See Statement erf OnBimds of Opposition 



2 US Pa»rt 4,7«3,249. Published August 9. 1989 CBomta') 
See Saiement ol Grounds of Opposition 



) US Patml 4.394,753. Pu&nshad July 19. 1993 (*Penzen 
Sea Stalament of Qrounda of Oppoanbn 



4 US Patent 4,785.420. Pubilahed November 15. 1968 ('Bajwa*) 
See Statemem of Grounds of Opposhlon 



i The Scalable Coherant Iniarfaee Prpjeet (SupereuB)*. SCi-SSAug88-doc TSCl A*} 
Sea Statement of Graunds of Opposition 



4 •SealaMa Coherant Irrtartace'. sa-28NovBe^<doe20 (*SCI S'} 

See Statement of Grounds of Opposition 
^ PI 598: 'SCI. A Scalaole Coherent interface'. SCI-2BNavBa-ctoe 2 f SCI CT} 

' See Ste lamem of Grounds of Oppoaltten 



ComMcn«ddkiaui0ifet 



^gSnJggl0gp.1-2001.f. 
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EP0Q|iat632.4. 



DC. Evidenoa praianted i— 


forEPOnMeidy 






1 "Proposal lor CiOGk ObtrfbuUon in SCI* • S/5/a9 (*SCI 0*) 

Pwtstfir rebv<rcs (ptQs. colunx Bre. riQ.). 
See Staieinen) of Grounds or OpposiUon 




> Norsk Dan Repon - *A Proposal for SCI Qpemdon* b/ Knut Ames - Novembor 19BB 
CSCIE') 

PtftcjUf riMco (psgB. oduma Iko. ng^ 
See Statement or Q rounds or Opposttlon 




3 *^calable I/O Architecture lor Buses* by David V. James, SCI*28Nov88-^oc3 (SCI P*) 
See Statement ot Grounds of Opposition 




4 Motofola MCSaaoo Caeha/Memory Manaeemant UnR User's Manual. PubOshad 19B8 
(-MC86200-) 

Pirocuiar rcfcwcc tcsQC. cotuim. fri^ ngj: 
See Staiemani ot Grounds of Opposition 




i Japanese Patent AppRcafion No. S63-i4344S. Published Juno tA. -1988. and Engligh 
Transiailon rTegucW) 

Pvtcidat rtlBvr c» toaga. csufffv bn. ng.k 
See Sislement of Grourids of Opposition 




* US Patfi^i^Oi 9,308. PubUshod^f.ebnfa#^.J^„^^^^ 

MsAieiir rctewcs tugt. ccMtn Ins: 
See Statement of Grounds of Opposition 




' Japanesa Pstani AppDcatlon She 62*71428. Piiblahed October 5. 1988. and EneTish 
Transiaiion pramagucnT) 

iSae Si&iament of Grounds of Opposition 




Comimed on ladiioni} sheet 




0. OmertvUBflct ^ . . • 

CmnieowioAtianifineet 
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'EiF?C)d.lbl832:.4; 



DL Evidentt prftaafitid r~ 

CicM a L 


tarfPOiiMoidr 






1 G'9aBH Lsgic 1969 GaAa IC Data Book & Ooslonei** Guide. August i989. ISGOIA, 
256'4^ Re^stered Setf-Tlmed SRAM CSigaBll') 

Sec Ststfvnfifit ol GfOtinde of Opposition 


• 


2 US Patent Mo. 4,499,539, Issued Febiuafy 12. 19U rOefnmO 
See Stfit(imefit of Grounds of Opposition 




3 Japeneso Patent Application 62-16S2S3, Pubfished Janua/y 31, 1989. and English 
Trmnalatlon fKumftgeT) 

PinlcU«r mtviftca |p«9C. cdvnrv Cmi flg^ 
See Staiiament ol Grounds or Opposition 




4 UK Patertt ApplteaUon GB*2.1 97.553. Published May 16. 1986 (Xofgren*) 
See SiatemenI ot Grounds ol Opposition 




^ IEEE Journal of Solid State Circuits. VoL 25. No. 1. February 1990. 'An On-Chtp Smart 
Memory ior a Deta-FICM CPU" CUvlaghara*) 

Pan'cuiv fdavi/ct (psge. ctfimv. Irs. fg ): 

See Staifsment Ol Grounds of OpposKion 




( US Patent No. 4,937.018. Issued January 13. 1987, ("Flora*), ae Exemplffying Common 

v:.l-"r"— -C«iiwii»5;i<iiow»ed50: ' . . ' ^» 

See Statitment of Grounds of Opposition 




' Japaneati Patent Appllcation JP*A«01-294132. pt^llshed November 1S. 1989. and 
Ef^gflsh Translation fKosupl*) 

^vooitv icievBice {pi9^ ajkMUL Una 9^ 

See Statement oTGrounds of Opposition 
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CominvvtfgnadOilBulsAeci | 
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Evidtnee presented . 

• ficVM s 1 


fo/B^OuMcMly 


NbfitMiaiu; 




1 Motorola MC38200 Caehs/Memory MenagBmsnt Unit UMr^ Menuaj. Publiihad 1 888. 
as Exemiiilfyfng Common OftnenJ Knewledoe CMCafiSOO*} 

Pfeitiote niMf» (pigt. colAfn Dit. 10.^ 
See Sietcment of Grounds of Opposition 




I US Pmer.l 4.680.736, Puttisnsd July 14. 1807 fTam') 

See StaKtment of Qrounda of Opposition 




3 US Patent 4.330.BS2. Published May ia 1BB2 rRedwfne*) 
See Statisment of Grounds of Oppos'tton 




4 

PncAv i8««xncc buqc. miwn, ttn ti^Y. 




i 
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X. PsYmentoftiieoppodlfonfeebfflBd* 

1X1 iiirtftoiDioino«tnaascaiomiierpi|yn»aetfmiitfcosutZ^ 
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EUROPEAN PATENT NO. 1 004 956 
STATEMENT OP GROUNDS OP OPPOSmON 



I. ADDED SUBJCCr-MATTER ART. 76C1) ETC 

1.L The PBtMt dbdesa sebjea-mAiier not disclosed b ihe Paicax AppOotien u originilly 
filed on KWD mnti. namely bnpcrmiutble daim broBdenin^ aod impcnniisible 
bnennedlatt ebim seneitlluriont. 

1.2. iBtpsrmiialbb Oaini firoadisloc 

IJLI.I. The Puem Applicatton disclosed and cbiined sovenl dHttnax aJlcged 
mvendefis. If is nceestuy u> dnennmt to. which of ttws* the gnat«d citims 
rdate, olherwiie du eompimoa required by Alt 76(1) EPC cinooe be B&Bde. 
Jo total, then weie 7 ol^ecUvet ^die iaventiofi and 21 bidepcodem claims. 
The hitcfrcUdoathipj between Iha objectives end claims need not be 
explored here is (ulL For prtscat pBipotei. it it clea/ (hat gmted claim I Is 
bued upon PCT daln 3l Ihls batnj the broadest daim to modlfUhle data 
hleek st» nurert. This wai aekMwIedged by xht pttmtee ia hs 
rtpresnuative's lecer dated 2S Januaiy 20O0. aumbered pan, K ll ia alao 
clear thai neither PCT claim 38 nor granted claim t pravidu my soluiioo to 
die 0 orf Sinai ohjecdvea thai have HOC finud inair way IzKo the Patent. 

1 2,7, The one objective of die aUcfeed mvention as set oui tn die Pireni Application dur 
. lurnved ia (he Paieni wu dris. 



1X2.1. "One objeo of die proent iDVeaUon li to usa • ue^' bus inverftc* bnUt loto 

leisleoBduaor devices lo suppon hicli-ipeed iccesi to Urge blocks of dati 
Ihim 0 aSitk oionory device by an extemal user of ibc data» sucb as a 
nicropfoceijor. Id te effietent aod cosKfTcciive maaBcr" (Pirent 
AppUcidea, 6:9-l2). Thb «U1 be reierred to as ^objeciWe 1."* 

IX]. However, ODO of the d abandoned objectWea, or rathsr one pan of a compound 
objective, h relovam lo die preiem diicuaafoii as follows. 

UJ.l.' '^''Yo^aiioaier pbtlecdw'or'cMs'tevaiitfDa ii 'to' provide a tsetfiod for 
BBttinitHng ad^eu. dm and connol Infoiinaiteo ever a nltfively narrow 
bus ..." (Hrent Applieattoii tf: 21-23). Thia will be refemd id aa "ofegcctivc' 
I- 

I PCT dain 3> b a dependent dalm. It depends ftwn PCT elatan 28. PCT claim 3t 
depends from PCT claim 2d. PCT claim 26 depends from PCT clam 25. PCT elahB 
25 is an (ndeputdenf claim, lo these cbcufflstaaces. U is not altogether smprislog 
that PCT claim 18 caa b« «howa am to achieve sny of the 7 primary ofaj«cti of the 
InvoadoB. That is a privUcgs norma liy merved Ibr lAdepmdem claims raihcr tbaa 
eiaimi three sups lower hi die hlsnacby. 



1.3J. If Mvohlecdve was BChifved bv PCT claim 25. It ohH^Kw ; 
1.2 J.I. PCT claim 25 resdj ai fellows. 

"25. A bus subtysteni comprii^: 

twD semiconductor memoty devices connected In paraU«l to • bus, 

vrfiemin one of nid seatfeoaducter devices ia a maner device. 

nid naner device iaelDdhte a means for jnitUtms bUs trafuanions, 
ttid bu& {aslsdins a phualliy of bus rims for canyiot rabsiaatially 

aO addreu, data and eomrol iaformaiien needed by said dcvieci. 




01 



: 1.- _^ » . .Ill I ail .J 



2 



said eojiuol MoriDUko iAeludni£ d«vise-<elcct iolbniiBtion. 

Slid bos coaiatnini svbaamitDj fewv Sdcs Utsi du ounber of bhs 
la I ilngi* tdtfrtn, and 

said bus carryfag devict-setea InfonnBtion wbhottt the oaed 
Mpante dcvice^telcet Itnei conztecied dirtct)>' to EadivWIijaJ dovieo an told 
lua, whenhy uid swser devico iaitttto bw ft«iisiiethmB whirl* nssfcr 
btbnuidoa bct^eea said lanlcotiductBr devkcs on nidbus." 



1 This cbim clearly relates to a bus sttbsjritem. Hie bus includes a plurality of 

bus lines for csrryiag stdnUntially all address, dsQ and eonool Infitmadon 
flttdcd hy th* device for communlcadon wift substaaiiany «vciy eifcer 
devtoo tmiim. t a d to die bus, and has nibitastiany fower bui lines Oca ihc 
omber of bits bi a sbigle addnsi. A bos lactiullog a pbmliiy of such snerpl 
pUEpQie lines, each caxryCng in a tizm-fDutdplexed maimer lubsustiany all 
Address, data and cantml mfomadoo needed by die devica for 
commoaicsitoo with lobstanilflily evny ether device coonacted to tba bitt. 
tad hovins rubsuatlsUy fewtf bus IJius iboa d» number of bitt in a sinsle 
address, wtli be rcfbrred to In the present documem as a "higlify multiplexed 
bosr Thai tfte Pareot AppUcaiioa was cencemed wiib tvcb a bus b 
constantly rela/bixcd througboui the Parem Apptlcsu'on tnetndlag the 
sammhTY of the laveod/Hi and the beglanb^ of the specific description 
(Partac Application, 7:10-19; 7:2S-8:2; ll:l6-2ij. (n oddltiaa. the bus 
subsystem of KX claim 25 rrqulita device setoerlea to be leeoflpUahed 
using the comrol teformation carried by dK btts. 

I XSJ. The bus is clearly a "retaiively oarrow bus** as required by objeetivB 2. It is 
explicfdy itid to conbin "fflt ffWi^'l llY bus lines Otui tht amber of 
bits in a siogle sddreu." The operation of the bsu tubtystcm «f dalm 2i, 
winh the master device Itudattng but tniBsaetlons over a bus (hat eamcs 
suhstutlaliy all address, daa aad control Infonnatloo needed by the devices 
and eontalu sohnuiiiAfly fevrer Uues (haa the number of biu in a sbigle 
sddrefi, amounts lo a "nsetbod for ownmitUag addnsia. d&a aad eoaa-ol 
iafomiatMn over a relatively ninew btis ..." as required by olgeetivi Z 

ia.d. Qblaeflw I ym» not achieved tr^PCTcMn^ ^ 

' \2.SA.- .O^ixljvs ! eoncsms *'hlsbr«p£cd access to large blocks of dara (^om a sts^le" * ' 
"** memory deme ... In an efltcJea: aad coiMflkeilve oanBcr.** PCT claim 25 
makes no refereaee to the Msfer of large bloeks of data, aor ladeed of 
bloeks of data of any size. Xor doo it make rvAraacc to msmery devices. It 
no Intsgen that in any w%y deienninc the sblUty of the bui 
jtthsyttem to achieve ol^ecdve I. Whether or not the bus subsy^nem of claim 
25 can meet abjective t dependi upon manen tiiei do not form the su^eet of 
Claim 25. These maners laclude die measums described in "DRAM Ootma 
Access Modl/lcstion*' [Parent AppHeailoo, 59:4>£1*2). These measures quite 
clearly eorwem a "^bus laier£iee built ihCd semiooadncter da vieas." Tbey 
bwhide lAismal I/O oiuhipiexing, allowiag the inurfeeing of a memory 
device rvming at a relaiiveb' slow imcnul clocii rate wixfa the high^epeed bus 
of the aDeged bivenrlon [Parem Application, 60:1^. This Increases die 
baadwldlh of DRAM access iPareat Applieatien, 59:19-2; 6t:3*l3j. It ms 
acknowledged thai cbe fatvcn:ion lay not b ibese oeuiires per le, btit ia tbeir 
use with the Ugh-lpeed high)y nrohiptcxed bus of the inveiitioa {ftmu 
AppUeat'iea 59:23«JI5J. These measures were the sabject-eaaiur of elainu g2- ' 
90 and 1 1^123 of dia Parc&t Appltcstiott. This flu Into Ihc expected scheme 
of thin a luanber of these cisTms arc ladependeat. 

1.2.6 J. As has been shown, if any of the primajy objectives of the Invaittoa was 
aehisved by PCT cJsim 2i. ii was objeaive 2. ff is banily iur»nsing that 
oVicctive I w not achieved by this cbim. One would not normally avpecr a 



-Rrihlea:05-01-200l5 



10 



863 FH PG 0289 



*£Pdoi6i832.4; oggt 

3 • 



luigls hidependeat elaia ta ieU«\'« two diiUna ud uaicUKid prfinvy 

objectives of tlte invenUoiu 

1.2.7. nSjreiW 1 «at Mttleved bv PCTebJra ^ 

1X7.1. per Cbim 26 restricu PCT datm 23 id ihe w of • meinoty de^c« 

7.; r- eootttcttd to the biu, hfivbig ma or more-dhcrete memory sections utf a 

aodifltble address leeister to tiatt neaoiy sddrts isfonnaiioa wfaich 
conspoods TO tha one. or each, dticreft laeoioty lectioa THe bus n an 
mtflfer of 7CT dun 25. WhOst PCT <iatm 26 moBtJoas a rnvmecy d<vi«c. It 
nyi noibing £hnt coocems "falfth-sptcd access id Ibteb blocks at dau" ftom 
tht mcmwy device *in an effidesc and eesi^ffactlvc maaaeT.' 

lJ.t. ghl><^ve I w« npt ithlffYrt bY PCT Cjff F) 118 

. 1 .2.S. 1 . PCT claim 28 nstrlccs PCT claim 25 (o ^aclcei-bMed iplh-c^cle b«nsa«tiora« 
to which (he request packet from iba bus maAcr tnetudca oddrus aod eoncrol 
inibnnadon. Th£ addms infor&aiion pomtt to at least one mtmory location 
within a diserete tttmory i ectton of the etemofy dcvtco. The nemory secdoa 
ud memoiy device are lat^gcrs of PCT cbtm 36. The conttol bfomuslon 
inciudcs (aformalion about the rc^jened ba troasactioa and about the access 
Uiue (cQiTespondlfls to a attmber 4f bus cycles thai need to itferweae befora 
bus access begins). PCT clatai 28 sayi noihtBf thai coAecms liislMpeed 
Bcccu ID Isrse blocks of Cats'* from (he nunoiy device *1o aa efficient end 
eost^fTectlyc ounner." 

\.2.B2. In reladon to access lioies. an 'meitt of PCT claim 3B. (here m lew 
cefeieaees In die Parrot AppKcaifon. One reference however reads m 



"A request packet and the oorrespondlDg bus aecess are separued 
by I selected number of bus cycles, ailowiag the bus to be osed ia 
tbe iaterveiiiAg boa cycles by the aame or ether eiasten for 
additional requests or bncrf bus acceuet. Thus muMpJe, 
indepeodeoj teecssea are pennliEed, altewin| maxtzaum utilisation 
of (he bus for trazttfer of ihert blocks of data. Tianafers of long 
bloda of data use the bus e f&eiently even w<th(wtoverlap because 
j^- .f.— 7 ■ t *. (he o«eti>c8d d^'te'bi/S'kdd.'CAi, tonsnA aiici aAMaatlme* banatt' 

compared to 6e (otU timi to revest and transfer the blod^* 
[Parem Application. 13:2306:7). 

' l.2.ftJ. This pMsaee is a very deer satement of the advanuges of raodinabla aecats 
tbnci. In the misfer of ibon bbdu of dJU, oiodlfljble tcceu tames aJk>w 
for interi caving of requests and thus greaser efScieaey. In the aansfer of lone 
blocks of data, ibs need to mntfir aueu lime biflinnaUoa on Che bos to aa 
ovCThead. [i rcduea eflleiancy. There Is ao poislbllity of Iraerteavlag loag 
block reqoeits. The prcfenvd cmbadimenta deacribed fai the Pamtt 
ApplicatloB do hoc allow tC However, this overhead i» on aeeepable 
eOndcncy seduedon because, cooipared with the overall length of the 
bwsaelioa. die overhead is small 

I.1S.4. (^jociive 1 concerns *%igh-spocd bcto) lo is^gg blocks of data ... fa an 
■mdent and cosi^ffeetive manner.** HodifUbte access times eonvibuie 
nothiog CO the aehievtment of that objeedve: as tcknowledged la the Partni 
Appl'tcstioa iuelf. they isSOSl fioa it PCT elalm 29 fivsntes this objeniv«. 

1.2.9. Oblectlve 1 w«, nat ^chimn^i bv PCT etoim la 

1.2.9.:. rCT clfiiA 38 resoisa PCT clalai 28 lo siiuatieaa in which ttie eoa&ol 
lafarmation includes a btockniae value thar encodes aad specifies the aica of 
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ihe block of dau lo bt tr m t f cntd Th$ cmhel latormMUOo b v% fatoger of 
PCT claim 28. Here si tut, bi i ihrico dopeadeal dsim, ao sftcnhougbi to aa 
aftenhouste to u aftenbought. Is a fc fatu co D ihe trstufa of a block of 
data, Cbim 38 does net require tbat che ria of the daiA block be l^gt. 
dalm uys nodUag about whtOxt Cbe biodc is sraaU or iarse. Moreover, 
claim 78 moreiy tata (btl the >ize of die dsu bbck to be wttfemd it 
ipecifled fai (he txansactioB rcqoas packet U iay« pothiog OiM detenalnes 
whether dte data btoek onsfer b high-epetd. efltefeiTa or cotf effective^ 
mtniy that its eia eaa be detmnincd. Ai discussed above, the mt^tn to 
tfiesa quesiisns Ht in MbjeeNsaaer tbei b cnlbcly ebvcni from tba claim aad 
is ID be Itoimd In PCT ctalms 82*90 and 114.(23. 

1 J. tQ. To nfflmanse. the eraued daura ^nd their bosit in thrice depcndftst PCT cUtm 3S. 
Indcpendem PCT elsbn 25 twn which ?CT daira 38 a!iasately depends, acUcvct 
(if anytbtng) objective 2 and does oot adueve objective I. Objective f b not 
achieved by PCT elalmi 2i or 38 or any Imsrvetilag claim, bat li echlewd by 
wholly dlfTcnm dafmi wUi wholly dlffexeat lUgect-oaoer. PCT cbdffl 38 and 
granted claim 1 achieve Dooe of ike primuy oljeeb'vcs of tlie aUeged invention. 

1.2.11. The TechntMi! Ij^tt^ .fff AgPWl f «W tlW fffl rltiflj bW^SnlnR liLlfiSts^ 

1.3.1 1.1. The lest Tor wbeto claim breadeolns la tomrr to An 133(2) EPC, end 
(berefbrc Art 76(1) £K aho^ wu deiHy oimdalad la dceiswa T33iyS7. 
ffltlowbg deeisioAi T 194/84 and T2dO/8i. The test was eppzoved ui dKbion 
TSX^/Si end is duveCold fH} 1/17, fleasencfi]. 

12.112. *n7)c removal of an hneser fton a claim may aot violate An. 123(2) EPC 
provided die skDIed reader wodd directly and uaambiguously recogobc that: . 

1. Iho integer was not ciplsined Is citmtid In the ongmsl disclosure: 

2. ttb rtou u loch, iodbpaiseble ftar Che funetfonof the hiveaiien fa 
the lt|ht of die leduiled probles b serves to soNe; and 

3. the repUcemanc or rtmoval lequiret no real modiikanon of ocher 
integers to coinpeasate fer the ehanfc" 

^I^l'r^-^^ggArf elalBi I fackr« iagiHal eleiaewr nf dU 'elided SveiSw m cirTataallY 



I2.l2.t. Greniod elaim I ralatet to a method of operating & semiconduetor memory 
device that mdudea, rveohriag block lixs infomuttoa wherein the bbck 
ilaa Infermedon defloo on erDoum of datn to be output onto an emend but 
In respooie to a read request; and oaipuRittg the anasu of datt ... in 
response tp a read request ..." PCT daim 38. through ha Ihriee dependent 
amcture, eipUdrly requrad (ha bus to be a highly multiplexed but. Granted 
ebbn I, if it no long o eonlabis this bnpJied leqabemem. is bmader than 
PCT elajffl 31. Such brmdenbtg b inadmissible. 

1. 2. 1 2 J. WcM die higbly muldphnted bus explained as essentia} in the ortgiod 
dbdosun? 

14.13.2.1. Aeeerding to decisions TlMfSS and T527/88. in detentuning whar is 
explained or dbcloied in the appUcation, (t is necessary to lud dte 
decumcnl as • wbolo and iodJviduai passages wJihJn It in context. In 
view of thb, a liac>bylme analyiU Is no subsdtute for gaioittg an 
ov-cnn tmproston of dte decttmcot by leadiog it Crooi start to finish. 
Kowevcr. the following potnsr ^rs m?si:ened to give s Havour Cor (he 
disdoture of die Parent AppUcuioo. 
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12. 12Z1 . 1 . The fvtnx Applicaiioa «as ndtled ^Itfcpated Clfcnft i/o Usisx 
• High Pe/fonB&nce Bus fRtcrface". 

l^.lZ2.t^ The Stwsiim of (he prior an ifrew miny tfiidttctiou between 
ihfl ouBurovs doenfflflAti motioned and ihe tUeged fnvendos, 

lomir of whicb wcre tppliable co difTcRnt lUeged 'mtsian 

^t^m those -ortglEBlty clalmedrriownw, h every case to one/ 
ihe doetmicmi were diitmgttnhed from the mvtniioii m the betit 
dm it did ooc p«imi ftsmre* of die but tnicrfbcc [Pvmt 
ApplicBdoii. J:I4.1I; 2:15-4:}; 4:5-7; 4:1S-M: 4:i^|l; j:i3.M; 
6:5-7). Be nn^le exeeptfon wu a reference that described i 
eloclciog jcbemt dui wmi dlidfi^ufxlied ftom tfw clecldag 
scheme used is the invention [Txnat AppSceiion, 3:19-2.^]. Tbc 
cltimi Id the Pamrt A^Kcedon chat were ^ttatd to Ihe 
cloeXing fChcme. cUimj 73-Sl, and diose direend lo the chip 
peckaec cUimi 91-94, were the only cJaJms UM limited to ihe 
highly multJplBxed bu. 

U.r2.2.1.3. MoreDver» the suie of Ihe st was summed up duis: "T^one of die 
bues dcMffbed fai paienti or other UtemuTt um only bused 
eemecibjif. All eontais some poiat-to-point eottsecdoos on tlie 
bflclcplfine" fParets Applkation i: \ 3-15J. 

) J.13J.1.4. The sumnufy of the invention opens with • discusiion of die 
highly nttlilplexed bos {PmX AppKcadon. 7:10-19]. The 
neeeisi/y nodificedoju that eonvcniloaal DRANU moit undergo 
to comply with the alleged inventioD li dctertbed [Paient 
Appticstba. 19-9:7] These modlftceiiona eoneern die lelerAce 
with the hishly muhoplexed bus. 

1.2. 1 U, I X The objeetlvt achieved by PCT claia 38 vfs its depcodcaey upoo 
per claim 25, was cencenied with the highly estilivplexed bus. 
This is h^lyielevaiii (T5 14/18). 

1.2.11X1.6. The emiro spcciflc docripdoo h cooccniBd with • highly 
otDhiplexed bus [ef. Pareot Applicatioa. l i : lfr-I2:10j. 

1X12^1.7. All of the original elaims, apan (roa those directed to (be 
ctoeldng and paeLsBing ichemes, war tiraiied to (bs btghty 
reuhlpletcd bvs. 

1.3.12^2. AH of dkeie misers point to the cu«nd«iliy of the highly ouliiptexed 
bus. lodetd. the whole tenor of the Parent Application wai that it 
concerned a new but aidiitectiire. There is no dlscloMira, suggestjoa or 
Irepliestlen Uttt aro^Iag olse was comeapIei«d. it is what die 
iiivenxon contemplated^ as object iva)y deiertninod from their Ofigiaal 
application, diat counts [7260/15. Reasons; iO). The Parent AppUeatioo 
deaily cmlaiacd thai the Mgh^^ nulitplexcd bus was an csseodal 
elemeta of the alleged fawendoa of PCT claim 38. No other reading or 
expta&ation is possible. 

1:2.12.3. Wu Che highly muhfplsxed bus, as sueh, tndispeasable for Che funcitoa of 
dte loveitiDn In the light of die technical probieni it scrva to solve? 



I .X 1 3 J. L TTiti Is a sovtghtf orwrsrd qucnioo to answer. The techolcal probtea (hat 
PCT claim 38 served to solve, vi» hs dependency upon PCT claim 2i, 
was to provide a method for ousnjirtins ?d'^ft. data a&d eenaot 
Infbnnctlon over a relatively aanow bui {Pvcnt Applleaiien, 6: 2 1- 
33]. The only relatively osrrow bus disclosed Is the highly moUplexed 
' boa. In (his eontea. it is notewoithy dtat dte acknowledged prior art 
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included bmas la which die addroi taiinnuiloa was m\it6p\mitd 
[Piita AppIJfistioa. 4:1 j.^p). ii also included buses in which dan and 
address Womaskm wu multrpjcxed on th« ume lines (Paraat 
Applieatioa. 4:2 1-23]. bi eich casa, toat cooirol si^« woe bused. 1a 
dbtiosuifhing ih» oJlBsed hmenllon from ih« prior art by rcqulrtns 
"oddicsi, comrol ttd data* infernntba lo be nntmiaed on a 
— Tetatfvely nanpw" fcia, ci-jsrsw Z csa srAy iuve nc&nt the hishly 
AuHtplsxed bus disclMcd Tbenfbn. compatihiliiy with the highly 
iDvhlpleced bos ««$ natjusi indispensable; it was a prvreqnisite. 

1 ^ tux Moreover, oot on^y was che objective to be achieved expressly suted to 
concern compaiibiltty with the hi'shly tngMplued bui, but abo any 
peWbm&nee adveaa^es aqribatsblo to modifiable block ti«o 
ttaasaetioAS an present only b die cenuxi of ibe highly muhipltxcd 
btts. 

- I J.t2.4. Would the removal of the requlmneat tar dte bighly mutciplexed bns require 
toy leal modification of odwr imtcen to eoflipansaie fer fhtf ehoige? 

1^.12^.1. Again, Ab b a sBilgbironiwd quetibo ip answer. Jlonovsi of (his 
requirement lus fiD>fsaebing coosequences. 

1.2.1X4^ Ftm)y. che bus bcerbec circuits of the s»mi£OAductor devices would no 
longer oeed eo allow it to demuUipiesi and decode relsvaat but 
fransactiom. 7h«y fcaoire modiftettloii. 

1.3.12.4.3. Seoofldly, the iiature of (he "rtques packer of PCT elaim 38. via Its 
depcndcDcy on PCT clain 28, is defined by tbc highly muliiplcxcd 
nature of the bus. Aemovsl of dtii intodepcodence would be a redicil 
dspsrture from the trachlcg of th« *pp1tcailoa as filed, in which 
requests bad to be encoded tad muhiplexed onto the biu lines lo the 
way she%vn in and described with rcfercncg to Fig. 4 of th« Piresf 
AppflcattoD {PmoA AppUeatlen. 3l:3t-34-.2]. Any icmova] of the 
rvqalroflBent fbr tbe hi^ly aaulliplesied bm wovld ndieally alter the 
fflcaniqg of ihe texm "lequeaf* as between PCT daire 38 and putcd 
clalml. 



only in (he comaxt of the highly muldplexid bus and do not in the 
tnvetiton' view have ae exitteDca litilependcat of it Any tcnovtl of the 
reqtiirement for the highly multiplucd bus would abo remove tbe 
Justificitioo for modifiable block size fransacdotts as perceived by dbc 

(AVCBtOn. 

\2,12J. For an tbese reasons. If (he requtrcfloeru In PCT clahn 38 for the highly . 
multiplexed bus Is sbicru from granted elaira 1. fts afaseoct fills all three 
lifflhs of tbe test established by the Technical Board of Appeal. It would 
■laoont to inadmlsalbte claim broadeohig contrary co Art. i23C2) EPC and 
B Art 76(1 lEPC also. 



U.I). CfMited clilm I tacks fltrthw apntial elemcati of ^ Invenrinn ai or^aineth^ 
din' - 



1 2.13. 1. Apan ftom (he highly-multiplexed bus, grzmed claim i makes no explicit 
reference to a plethora of other integers of PCT claim 38. These inchtde the 
fbllowiag. 

- Iw!. 13.1.1. Thf refbvDCe ItL-RCT claim 23 10 ih» bus cimyi>Tg dsviet - select 
fnformailon without (ho need tar sepaisie devise-select lines h ooi 
explicitly recited. 
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lljyil. The fcfercAca in PCT Claim 36 to the mzaxary device bavint a 
modjfisbk adtfrm nglsttr to «loi« memoiy addiesi iaroRutioB 
eofmpondins to oii« or mora diicrfw meamy lectfou ii not eipHeldy 
fcdtsd. 

_I^.|3.1.3._ The nfieneaeB m PCT ckfan 78 to picket-based iplilreycU ttuuwilotti 

irkn oxpUdily rechc^ 

lXt3.t.4. Tho fcfcraifie in 7CT cUim 28 to tho tniuactloa r^qmit pacftcb 
hchidbg addren ind contfol ipfbrmasios b oat explkhty mtted. 

1 2. 13.1 J. Tbe it fuuiu. in PCT cUtm 28 to di« control Infonnadon of d» requen 
psdcR mchidlog InronuHon sboitf the Bceeu dne (contsponding lo a 
number of bia eyelBi to faiteivcAe befofc biu oceui bogma) b not 
cxpliciUy Rotedl 

1.2. 13. 1 .6. Tho tvfeicoce m PCT eUha 38 to dw conBol fAlbmiiloo of Ihc rcquen 
packet ineludiAS tbe block-tfze value is not eiplletily recited. 

1.2.1 3.Z If Ui«se K^oircmentt e/PCT ctAfan 3S are nissiag from gnnxed claim I, then 
Ibete omitxlojtt art laadmistible. Alt the if t>scn emi'tttd were present (a Ibe 
cfsbo^veats descnbed. Thoy could oaeb be dUcuucd in isolnian, bat h ii 
mora bifenntdve to }ook at dw evermJI plcnn. la efToct, clibn 2^ of ibe 
Pimi AppHejtlfifi his been rwrteeA as ■ modwd elaiin (to svoJd bavins n 
mcnb'oo the bus roisttr) ind dten relkved of its very essence, namdy the 
nquimnenti for the hitbiy muHiplexed bus and for die bus to <ury device 
select {nfonnttioA. loco this wboUjr ■maseuieoed cbim have been introduced 
a series of uohted intascn iBcludios all efthe dirn method steps of y aju cd 
etaim l« nose of whkh ralate to t)n obJeeti«e orlsloAUy achlovcd by PCT 
cUffl 25. Clearly, it n not pennitiible Ibr tha patoitoe to removv fton etabn 
35 Ac veiy Intesert d»t allow It to achieve the objectivv dtai the bivcoton 
bad ifl laiod for it U amoimts to abandoning tbe elain and rvconnruetrng, er 
patifoetOt • itew claim ieetoding a leleetlon of ititegert isoUtad from tbe 
oHginaJ dbclosure, whether from die dtsoiprion ot iKe elaims, tiru^eetivo 
of their relovaflca Id the oslginal primary oCgccdves of the bivemioQ, That U 
not allowed. 

1.2.1 J J. Even If Slid) an appzoach were adfl&iuiblc ia principlo» wbleh dte deeisioni 
of the Technical Board of Appeal eiled above clearly demonstrate not to b« 
die case, graotad elabn Icontaina impomlaalblo lacermedlaM ^merellsaiioos. 
11 will be discussed ia the ftallowiog section. 

IJ. l«pcrailaslblclotcnBcdiateGcaora1lso|loB 

IJ.I. Th« Te<hflltal Board of Apoei|| yiiff |flw on tniemwdinte pen^mliMrtftn fi t^fterf 

1.3.1.1. Tbe lew for wbetber bitenncdiate genenlisatfoa Is contwy to Ait. 123(2) 
EPC. and tfteroftrt Ait 70(1) EPC aUo^ was clearly enunciated bi deeiaien 
1384^, following dceisJon TI7/S6. 

U.U. **An amenidmem of a claim by d^r ieiroduedon of a technical featare taken In 
laoletson from the descr^tloo of a ipecifie enxbodiment is not allowable 
under Art. 123(2) EPC If it is not clear beyond any doubt fbf a slulled fcado 
from the sppiiciulofl doeumemi aj flied thai the subjea-maoer of Ibe claini 
thus afflcaded provides a eonptete soHitioa lo a technical problen 
unambiguoiisly leeogDisable fioffl die appllcaiian.** 

^TJ. i J. "A 0tfi»bcr of odier peasagco froA tiiia deoision shed useAd Itght 00 how this 
test is to be appUed, to particular dw (bUowbg atatemeots. 
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1.3. IJ. I. RcfEjTina to Tl7/Btf, in isolated ttcfciUcaJ fcarurc "may ba bvroduecd 
iato a claim wtchoui coatmvcfiins AiV 123(2) EPC, provided thai b U 
•-evident beyond do«bc to • ikfUed person reading the description rhai 
this Iseltied teehnieal faamre op la o%ns enables the object tn view to 
be ■chicverf"' * (T28i/94. Reasons poiat 2.1 J. pan. 2). 

tJ.lJJ. -lo-folloi*lng-ifci decUlen, iho otjcti-» be achieved by 

itwBer of d^c UDcnded clann has to be establisbod u well u wbether 
the clilffls defiae oil neans ' aeecssaty fw tehievlng this objecl" 
rr2a4A4.ReaionipobtX1.4.p«r«.|]. ^ 

I J.t JJ. **Betausa of the ha (hat feaurei ditcbsed to the contot of a speciik 
embodimvm and added to a eUlm niey achieve is in otuunbifuously 
rtoopilstble maoflcr an object different from that pieseoi io the 
imredueiory put of a dsscrfption, b should fitftbcr be ucertainod 
whstter tocb « fttnher object is dbcloaed md whether h la clear beyond 
doobi tbr a jkiUcd ptnoD reading the application as filed that a» added 
icehnieal fes&ires ob dMlr own aehlava this Aather objsc^ rm4i^4. 
Reasons polai 11.4, pan. 3). This fliaket cW the tmpoftam dlitlactioo 
between objccEs thit are lelevaat to ^talffl bfoadening, le ibe ongiaal 
objecdvei of the inventfoo sot out as such, utd ebjeco rolevmu to 
intefmedtaie BcnereJUation, whicb cae be derived from otixcr pens of 
. the application, but only to die cneni Uicy are disclosed. 

U.X Gnmftd chim \ tncladg? i icghnlci! tntm ttwi hii ten Maiated from kujjigj^ 



1.3.2.x 



1.3.2.3. 



?CT claim 38 required the btock-ciae value to be included in control 
faifoimatloa that, together with address lolbnnatioii. b bundled irao a lingis 
raiaesL Hit is exacdy wfau is described in the Parcn Application with 
reference to Fi^. 4 {rarest Application, 2I'JI*22:ID. «sp. 22:9-10; 27:2J.30). 
No advBStage b ascribed in the Parent Applleaiiec to the lobjeci onner of 
PCT claim 38. as disttnct firpai tha subject matter of die claiffls fiem which b 



Cnmed claim 1 contains no explicit requiramM^ Ibr the block she vaJu9.to_ 
.be inchided wldi addms !/i:1a7nUktn <« 4 a^uHlM 

As stated abovD, oa odventace.is ucrlbed in the Parol! Application to ibe 
lutrjoo fnattcr of PCT cliim 38. as disnoo bwn ttt lubject mailer of tlw- 
dahns from which it depends. This is a miehl point. AecoRlinf to die test 
esublljhed by die Teehnieal Board of Appeal for admissibility of 
bitemiediBB tencraliMtioa. h can only be justined If ther« is aa edvantasc ~ 
a Mhitien o a technical problem - disclosed bt the Parent AppCcalioa thai is 
cemplaoly solved by the istenBediaie genenllsiiion. tf ihera is aa psotalen 
and no sohidsn, oo advantaea disclosed, die KencnlUation mut fan. Such Is 



I J.3.4. In ipiiB of the aboya, It b not dlflloili to understand die purpuse of POT 
clafan 38 fo) (he cenintt of a system where higb*speed aeceu to blocks of data 
is dettred, end in which aU bus tmsBCdon requcau are sU bia cydes long. U 
woold be foolish CD require oae bus onas&ctlon to establish a bloU siu aad a 
second bus nosaetion to maka die block nnafer reques. Ibis would oaly 
IncrcBse the block request overhead to which the Per em .VpHcatioa refin 
[Parent Application, 1933.16:7). This p«apose, aainiJy allowisB bhwit size 
saleedoa wilb no additieoal overhead, was not disclosed es such, but If it had 
boea. h would not auus die petentee: it b only achieved V mtfyatfn- 
biech sis: value isio the' omsacdea request, wbicb oipUins %»hy dio 
bvcmon took such pains m allow boxb very small block sizes (bloek size I) 
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aad very luge block sim (block Jtce 1024) to be trpraemtd by binary 
esrodias using oeJy four Uts (Pareot AppJicailon. 28: M 1}. It abo exptalitt 
Ifae BM of (be wfoxd "encodes" In siSditfAD to "speeiAflT b PCT claim 3S. 
Utaleii IhB falodc lize value b 10 (mepated, bui overfcud Win incite 

IJJ.5. Far Cbis reasoa. If srtmed dafan I dee* not rvquire th4t blocV slu 
Inibrreattoo be integrated ttno a tnnuerioa requests then the claim biU Ibe 
test eitabKibed by cht Technical Board of Appeal. It «moimts to badmlutbW 
biennedUte genenUsaaoD cotttmy to Art 123(2} £PC. and ihetefijfe Ail 
7^1) EPC alto. 

IJ^.6. ]c U worthy of Aoto thai It U qoI esoygh bi the pmmt contcat to say (hat tbe 
advantage or purpote of PCT cbtm 38 b co allow block lize ulBCtlos: th« U 
taitolegeus. h amou&o to soyifig dttt tbe advantage of an integer is its own 
eodsteace; Ibe problem to be aolved by ao imegtr in own provbion. On d»t 
bnb, evoy Intefinediaia gaeenlifartea could be jusofled: but that b noiibc 

CrBiitnd elabn T nxhidet a ftinher ieehpical fanire thai haa hetn iyilaied frmn 



IJJ.I. PCT claim 38. via io dependency an PCT daJni 28, specifies. a metAS 
for saM mancf device to request said memory device to prepa/e for a bva 
msaetion by acitding a lequeai packet along aald bus ...** FCT claim 28 and 
PCT claim 38 iben go on to speciiy ibe bromatJon contaiaed witUn ibe 
request paefceL Cbarhr. PCT ebims 28 and 38 defioe (a genaral cenns ■ but 
orenaactioa proiocoL As such, it b applicable u> aU bus owiasctloai. 
AOCordiTisly, every bus uaasBCdoQ b bttiatcd by ih« master device 
ceqeesttng Che otemoiy device to prepare for a bus transacrloa by scodiag a 
reqoeu packet aloog the bm« t>io request packet Indeding the ipedficd 
inbRlBClon. Tbb applies u much to vmte transaciton requests as b docs to 
read tnnsaetloo raqeens> Tltii is coasbtem wHb tha prBferred cmbodtrosai of 
the invontiofl, ia which ocactiy the same form of traiuiacsfofl request, as 
shown in Hg. 4, if used to request read or write block mnafcra. The onlf 
differesee b one bh IdenJfyfng whether the tnuitactian is a read or a wrbe 
iraAsaction (Paroit Applicacloiu 22: 19-2}:3J. 

IJ J2. Moiabiy. aeeotdlng n claim 28. aad therefMo claim 38 abot. th« reqoeit 
pstkn dsoold eomain access dma iRfbroiaiien {corresponding to a aumber of 
bia eytiesto faiervcftc before bus aecesj bagbu). As dbeujsed, the technieal 
probiem sahred by fflodifbbfe acceu dmei as claimed in PCT eiaim 103. 
was to maadmbo bus utilbatioa Ibr exchange of mail blocks of dau in a 
highly laohlplBied lyslrm [Psrent Applicfiiion. 16:1-3]. Modifiable sseeu 
lime OKAM read opcratiofu were dtxcusicd te the Ptireiit AppUcaslan ta 
eonJuBcdea with modUIabic access tine DRAM write openrtiaas. Wboeai 
bus utilbadoD pay be juuamkd by providbig for modH^le aceeas times a 
sespacs of read opcrationa onjy, it is not a enmnlrtt toluthia to ihe problem of 
mayhTiblfl| bus udlbaiioD. for the achievement of thai objecrire. the device 
must ^ve prQcremfflfible access times in respectof all opentioAS ihst require 
it to utilbo d» bus n raipQase to a raqvesL Tbb uDdarllnes the fact that ?CT 
eUfan 38 was for good reesoa not Ihniied to a partkdar cypc of Qaasaedoa 
(CqoeSL 

IJ.1.3. Crvited claim 1 rt latex to a method io which a aemJconductor siemory 
device reepocids to a eottin way to itad requesu only. If grained claim 1 
were Umited to (be opcrsiloD of read ooiy devices such aa ROMs; Ihit 
timhallaa to read requests only would not be objectionable. However, 
Ipifited claim I abo eovore dia operation of lead/wrlta devicea audi as 
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RAMs that rccfihe block-f lift values for use to nad requesa only, •nd mn in 
wrlVB rtxjpjtsts. This represcsts tti.tiBpcnntisible overmciSite tenetBlisatioii. 

I J J 4. As hu alfBady bm oeniioDsd, no techaieil ptobtern ihfll is dbcJosed ta the 
Psictf Applfcaiien ft tohred by the tubjfcc fflatier of daim 38. Accordins io 

itst ettaMttbod .by d)o_T«dipieal Bosrd.of.AppeaJ Tor admissIbOliy of 

Ifltcnnedliaie genenliutiofu it cao only be justlfled ifthsit ii ia advantage - 
a sohitioa » a technical prabfcm • dbcloied jn the Parot Applicadon tfiflt is 
compiRely solved by cbe imeagediaio gtnciaKsatioa. If ftcrc is no problcia 
and tto sotucioo, ao advutffigi disctosed. ibc genenfisatton onist ftfl. Such h 
tfte case here. 

t.3J.5. Evon If ibe purpose behind PCX claim 38 as discussed above had ben 
disclosed, ifae pnsHteo would be ito diflltrcfli. Tlie pufposa to to albw block 
stxe seteciion w{ib so odditiona] overhead. That applita juscas maeb to ^mte 
block size sekxdon as to read block tixe lelecilon. 

IJ .3.5. * For this reason, the lonductioa into ffvacd claim t of (h« requirement for 
bbek ilto Informallon bi tespeet of read opersdons eaiy blls the test 
eitablishcd by the Techaleal Board of Appeal. It emouna lo Inadmissible 
latennediatc gefteiaitsadoa conbaiy to An. 123(2) £?C. aad ihccefbit Ait. 
76(1) £PC also. 



IJ.4. 




1.3.4.1. Onated eUim 3 ineoduees into gAOied elelm I the requirement for i 
lime taformatioo Ait is found in PCT dam) 28 or PCT claim 103. As 
diicustftd above. PCT eialin 28 specifics rnfbnnncioA eonteioed wiihm ■ 
r^uest packet, it defines tfl general terms a bus nacacdon ptotocoL As 
such, it b ^piicable to all bus tnniaettoas. AecordUigJy. every bni 
tmssctioo is initiated by the master device requesting the memory device to 
prepare for a bus craosAction by sendtng a request packet oloog ihs bua» (he 
rofuest psckct inchidiag the ^cificd ioformatioi]. ia partjcular accai time 
ioBonnatioa brespcctive of whether ii is a read or a write request This is , 

~ coristexm with'chff pfiefemd emtwdiiaenr nftho bveiiUoa?(m^^ 

the same fbzo of trassactLoo request, as shoun to Tig. 4, is us«d n rcqoest 
read or virite block tramfm ami ischuks access time mfeimatioo (Parem 
Application. This typo of road request access lime infbnneUon 

poind to one of two access iloic rcgi Iters that iLave beeo set tip in edvance 

1.3.4.2. On (he other hand, according m PCT claim 103, "daa may be moiffltaed to 
said (access time] ngistff vis nld btts which esuUiahes a predstcmtifted 
amoum of time that mid semiccnductar device ihoeaiter muf i wait bsfore 
oslag said bus In raspease ta a request." This is more akio to dte subjea 
matter of fijiuxied claim 4, but as claim 4 depends ftom chim 3, ft U rckvani 
to claim 3 elu. This type of access time (nAumodon is wbai is put into the 
seeds time regbten In the M place, if b clear from ihc langooce of PCT 
ctalm 103 dktt it b speaking of aeeen clffle itgistni bciag ki up prior to a 
feqveat bolag sttdc This b eeasUtent with the preferTcd embodbnoir of the 
Invention, bi which two access time regittsrs are set up hi ailvance. It U also 
clear from the laaguage of PCT claim 103. In ptttteuJar the phrase "thereafter 
must wait ... tn response to a raquesv" Oiit ii applies to all subsequent 
r«quats. Thb b also coasisiem «rldi the preferred eabodbncati in which 
craosBctiDo rcquens point to one of the two acecss (jiae regssten in all cases 
(Parem Application. 27:1-15). 

I.3.O. Thb dbelosare of access lime infofmation applying in all use ro both rud 
and write iransactiaai can easily be uadersiood The advmage of a 
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niodlflafaI« acceu time regisur b, oi dUcuued Above, to allow ' 
utiH]«ilQn of ihe bui for vusro of short b!ock» of dau" [Parent A^Acs&on. 
i9:)«3J. MixJmum utifiunofi of the bva eao miy 'ba aebSeved if »11 
devleoconneetodtoche hu ui« • prograittm«bk eec«u ibnc register lo lUns 
Ihdr rtspome to til rv^nssu directed lo th«m. 

tj.4.4. Giasied cbim ) nsqulru ^» i^tmAuaor metxry drYtoe to respond in 
Mcofdaafio «nih die iccms tlm« isfonDtsoo to md requeift only. If enntti 
cJaJm I were linHed lo rsid oii})r dcvkei fuch u R0^4l; thii Umlntton to 
read rcquostf ooJy would not bo objoctfooabU. However, puicd daJm 1 
slso csven nttStvtHe devicei lueh u RAMt dus have progrvmmabU access 
ifana for read rcqoesu only, and not for writs rcqncsia. This rr pw a nn wi 
inq}ennUiibIe IniennedUte gnenllution. 

IJ.4J. AS dUcmstd abovo, the lechntcaJ problem solved by naodllUbic aeecM 
dfoes, as dslmed in ?CT ehims 31 and i 03. wis to roaxmiise has usiroatioa 
fot Ckchanie of small blocki of data in a highly multiplexed lystcm (Parent 
AppUmJoo. I6:I*J]. Modifiahlt aoeeo cimr DJlAM mad opcrafftoia were 
discussed In die Parent Application In eotvunction whh nodtfiable acccu 
time DRAM write opentloas. ttOwreas bus utflbazion iruy be iinm ' u »gd by 
providing fbr modiflable access times in retpeet of read opemioos oaiy. it is 
nor t eomnlete cdution to die problero of nmtimltlnB bus utUisahon. For the 
acblAvtmeot of diat objective, ihe device mutt have pregnunmahte aeeess 
tnnes b reipoct of all operedons thai require h to odUsa cho bus io mponw 
10 a tvquest. Granted daJn 3 is set so limited. 

tJA.i. For thJ) reason, Ae itttrodticlldn Into grsntetf claim 3 of the reqoiitmeai fbr 
modiflshie aeecs* tifflos in rexpect of read requests only fails die test 
eiabliiihtd by the Technical Board of Appeal. It ameunu to hudmttsible 
tnterraedlate generaUtatioa contrary co An. I33<3) EPC. and iherefofo A/t. 
76(1) ETC also. 

I JJ. Grmud ctaiwt U Hnd 16 tpclurfe fyfartjln^ ^ 

^\t^\tMtd \n tht Panrnt ArolieatlQiL 

I 3.5.1. ' Claims 14 and 1 6 of the patent require internal dock signals lo be generated 
lacked locpl*:Th« terR "rtrfay locked iocp^ Vfta riK^rr^woi ia Ui»~ ■ 
'""^ . p^^j ApplIeaitoiL It Is a wholly ns« terra. Mo delay locked loop wb« ever 

disclosed. The oeaicst ^ng to it was probably lo be fount) aomewltcn m die 
circuit Utumted rn fig. t2 of the Parent Appticatioa. The broadest 
diselonire of thai circuit in the Pamii Application b to be found ta claims 71 
and lOa. but Oteja ciafani mak» no aumjan of anyihfaig ihu could be 
regarded as a delay Joeled loop. The brosdat disdoitva in ibe Ptfent 
Applicstton of iny sufficiently concrete ftiociloosl de(a9 of die circoit of 
13 Is lobe found bt claim 79. 

1 J Clearty, the object to be achieved by :he circuit of Fis. 1 2 was ts scaenie an 

imejnal clock signal tynehronlsed to a lime half wsy beswccn tbe early and 
lup bus clock ilgniis [Parcm AppUceifoo. 46'2(H7il: 47:2MgJj. nis 
ohjeeihra b only achieved (t tbt integen of claim 79 of ibe Paiem' 
AppUeatloa uw preaenL Cr»ted claims )4 and 16 are oot so limitBd. . 

IJ.S.J. For dtis reason, the Introduction into granted claims 14 toi 16 of o del^ 
locked loop b isolation fiills die test established py the Technical Board of 
Appeal, tt aoiottna to ioadnifslbie imennediaie generaJisatioa cononry o 
All. 123(2) EPC. tfld iherefore An. 76(1} EPC also. 
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2. ENriTLEMRNT TO DMSJONAL STATUS 

2.1. For precudy the rcasoiu dbcmied sbove sad beesuse the obJectiQAAble added tal^ect 
mater was pmeni Id iIk DivtsJostt AppUe»tiaB si filed (i ftmdamfftitAl errorX It foVowt 
th« (be OivtiloeAl AppUcaiion end the Paiextf an not entitled lo the benefit of she flllhg end 
prionty dates of tba Ptnrtt ApplicaHos. They tilcc bs ±ev filing end priority ditet the date 
00 which h WBS actiufly filed, aimaly JeAxiery 39, 2000. No nbtequcm emcndinent caa 
effecs the peihion under An. 76(1) EPC, u bidleated ia decisioa TS73/94. Rcuonk 
SccrioB 1* Fm* 4* 

3. LACK OF NOVELTY ART. 54 EPC 



3.1. Each and - eva7 diin of ihc Pttcai; baving « priority date of Janusy 29, 2000^ bcki 
iiovehy. 

JJ. WO9in6680 rrbc Paml AppUeatlen"), poblbhcd Odober 31, 199] 

3.2.1. Tbo P&icni AppUcaUea dbcleics e«ery Eeiture dlicloied in the Fineiu» lachiobis all 
the imesen of evefy claim. 

3 J. The maner dlsetoscd (n die Par em Appticarton does not xuppon any elehn piiipoctDi{ to 
cover bases other than die blghiy multiplexed bes described or read requesu other than nm6 
reqoejt packets. In proceedings brought Id the Frutce and Cermany under tha potem 
BTumg from ihc Putm Applicadoa. the patentee has asserted thai tbs tenna "external bus" 
•ad ttcquesf* la gnnted diim t of tbu patent should be afforded an faaerprrtatioD wider 
dian (bat supported by the Pareat AiipHc^oa The foUowiag dtseuation assumes that such 
a wider interpreitfian mey be advaneed by the patentee in respea of die Paiem. 

3.4. Tb£ tub!}ec&fsalier of cliini 3-10, 12-ts. ud 17-21 ofcbe Patsnt Jacks novatay even If 
eatiUed to the declared priority date of April ^ 9. tP90. 

3.5. VS PalMt 4.763.349. Published Auftt 9. X9tB rBonba**) 

fiombe dlsdoses a «)rstem diet includes D phirality of boa devices Isterconnectad by 
a 'yachratiMu...^uul::ple^ ean be coascructed as % memory _ 

devtoe with a phvality olf snragt toctftmuTasd imsreonAeedon etreuii/y [Bomba, 
abstnet/. The interconDeetion circuitry farms aa lotegral pan of the mentocy device 
[Bomba, iAl'-SS], Thus, Bomba diteloscs a **sceBleoaductor naBo«7 deHer 
haviog at least one ai^mory array whiek JAclodfes m plurality of vtmory caUs** 
aAd Us method of operadon. 

3.5J. A ffllfter dock 144 ooimeeted to tiie coisniaaicadons path generates docking 
slenals (nme and phase signals) for the bus devices (Booba. 9:1 4*32 aod Figs. I A 
and 3SJ. These slgads ore rscdved by, Inv dh, die iatercooneedos eireuicry of 
(he memory devlee. Tlius. Bemba dtselosas *YeeeWm8 fin the wmwy devlcaj ao 
cjtemal ekxkalcB*' ll'^big a Axed rreqaeBcy.** 

3.3 J. A iwo-btt ^ length code is placed on die highest bis of data Noes D(3 1 :30) during 
ft eomitiandMdresa cycle of a lead iransactiaa |Bomba. I3:59>)4:4 and Ftg. 4A). 
Tbe low 30 blu cosnJn die device ~addrts<^ (die address is the 30 Mr aonige 
locadoD where Ihc transaniou b to take place) (Bomba. 13:39-14:4 and 14: 13-15). 
Yt c data tergth co de spccifice the leagd> of the traiaferjhgt U jg uke _titaeA. 
cTg. jmt to four cycles pT 32 bit £a rOofnTEi;' ) 3:1 ^2g l.'^tbe opcranisn^de'for (tie 
read coBmi£tirS^vmim}ut7o^ infcnnfliion lines IC3:0) at dtc same tine [EkBKba, 
l3;39-«li. As can be scea 69m Fig}. lA. 2 and 3B of Bomba. each of these signal it 
• reedved in/ar die, die hteiccnaecooa dmliry of die gtcttory. Thus, Bomba 
dtielotes *rccahrlBg block sbe laformstfoa, wberdn tbe bJeek sisa Infornalloa 
daltaM B0 ■mooni of daci ta be output onto aa oaiarval bus ia rapense to a 
read reqaail.** 



3.5.1. 
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1 J'^. A memory device on As bui, eeaotiiuis the rvltvam addrcsi, conflnni receipt of 
Die ceniBisid/addieti cycle sed miy be^ the dau tauiettoa (Boisba. 1 5:49-0]. 
The meiaeiy device ouiputs diu on the date llna O[Jl:0) during e Hm dsra cycle* 
The t o tm ory dwkt eonnnues lo outpni new dsce for es many data cycles aa aix 
. . .apedfied dorin^ the conunand/adtfraas cycle (Bonba. I3:29-M:$S). TlttUb Boffiba 
(Usdaui "ompBttfng tbe ampoai of data comspoadiRg io thr Mock ilze 
laforaaltoiw ia mpeofc to a mid ra^uat.'' Oit« i$ geoerally placed on ihe data 
■Una at ihe Icsdtag edge of bntfnal cbc): TCLK (Bomba. 9:5 1*54]. TCLK b ihe 
tFUBmitting clock generated locally ia the memory devke from the b me and phue 
eonpomnia of laaster elodt 144 [Bomb^ t:46-<1 mi M709 and Fig. 38]. Ttais. 
Ihe dn Is outpts rijMbnnoiif ly with respect to the eitcmal dock stgasL** 

7,t J. It foOpwi that (be tabjeel-inatur of daim I U irat new. 

J.*:A The momory device oinputi data oa die dau lioes 0(3 1:0} durhg a flisi dau cycle. 
The iBomory devleo eontiowi to oiftpat acw data for aa Biaay data cycica as ire 
spedfled dunng the commandMdros cycJo fBoniba» li:29*ld:5S]. Tlio ilse 
between pieettstve TCLK lifnab deflnet a cycle {Batnba. 9:40-41). TCLK b 
ecaeniod locally b the memory device Ovm the ilma and phme cvmpoaeeu of 
mtsm clock J44 (Bomba» 8.*46-63 lAd 9:27-39 aad Fig. 38). Tliui, Bomhe 
discloses diai**tfie amooni of data eorrcspondlof lo Ihe block sk» laforasfllaa la 
output lyoebroaoasly ourtag a ptaraMiy of clech cyetei or the external clock 
fignaL* 

j.5 .7. It followi tliai (he s ubjee i-maBrr of eiaim 2 U not new. 

3.5.t. Dau s placed on (he daa Unca al the leading edge of TCLK (Bcubi. 9 J I>54]. As 
sutod above. TCLK it generated loeelly torn the time and phase componeno of 
Master Cloek 144, Pig. 3 A of Boihba ihowa the cocrelatiOn becweeo TCUC and dte 
. eaeiral clock slgnaU TIME (^) end PHASE {*}. A risiag edge of TCLK 
correspooda with a next riong edge of TIME (*) ztter a rising edge of PHASE 
Thus, Bomha diseloMt that "data b output onto eke esttnual bua tynebronaoaly 
vrltb respect (o a rtilag edge traiullloa of the czUroal cloek etgnaL" 

3.3 It fbllowi diar the lubieet-BUlter of claini 0 a Dot new. 



atffnali TIMC (•) and PHA$E (-V A namg «dg« of TCUC eormpoaili with a ftexi 
Ming edge of TIME (0 ftAar a &ning edge of PHASE (•}. Thus, Bonba d'isclom 
thxt "data ts ootpot ooto the extental bta syaebraaooily wtik mpect to a CalUag 
cdee traaritloo of the ezttraai elock algiiBL* 

3 J. 11. Ii follows dot tbcsubject4naaer .of claiis 9 b not new. 

3.9.1 2. Bomba disclosei the use of two bta to repicseni the .length of 4 different block sizes 
Ifiomba, 15:1^21). Thus, Ihe two bto era a binary representation of the bloek lizc 
lo oaks or32 bhi. Itaefere. Bomba diseloias that Ibc block aise laformatiaa li a 
blaaiy rcpreaentailoa of the anouot of data lo be eatput after receipt of a read 
reqoest** 

3.J .13. ti tbUows dui die sabject-tBaner o f deim 1 0 Is not new. 

3 J. 14. As dbcuscd above, a two-bit data length code Is placed on (he highest bits of dao 
Una Df3l:30J daring a ceounand/addicas cycle of a read irvnsactloo (Bomba, 
I3:S0-I4:4 and Rg. 4AJ. TV lower 30 biu cooaia ihc device "addrsi- (Bomba, 
0:59-14:4 «id 14:13-15]. The openoioo code for die reed command is transmiOed 
over tnrtfrmado& liccs t[3;0] et die ssinc lima [Bomba. 13 J9-61 J. 

3.5. 15. Ii foUowy dtat the tobjca-maner of claim 12 ia not oew. 
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9.5.16. Ai mted tbcve. the Ctm Inuntl dock slgBd TCLK Ii fiftamed locally tn tach 
device aa (ha bus usiag the muw deck 144 [BosbA, 6:S4-63). Diu is p!ieed on 
iha dau Itaes It fh« leading tdgit of TCLK TBomba. 9:3h34|. 'Rmi, Bomfea . 
diselesas "gaacnitqg • ttnt biunal clock tigbal iuio|t (he cxtarnal clock slcnil 
vbardii iht tnoiml of diu comspoDdlag to Oio blotk ilza InfornattaA If 
output-sn :9 thi nUrraai bu t/nshr900Ba)y with respKt to the Am intarBil 
clock signal.** 

3.S. 17. . Ii lUUotn (bai tho snbjBn-aaior of claim 13 fs net new. 

9.5.U. Each nemtty device cooiains i large aunber arcoaficanilen ngistcn (300-216). 
One such lopsur is • eoinroJ find ftinii regkto- 202 ilhismad u Fig. 7C thu 
coiuiifu. inftr eila, dwicc TD iafoimuion that U loaded toio bia CSRp^O] 0«i 
syvcn power-up or domg a subieqiem l&lihlUatlon sequence {8omba» 22:39-35]. 
'n>ui. fiemba dbcleses prognAOihte UtBtifteatloo reeUier IId lh« memory 
dewlcDt to fiert oo Idmtincatloii «alua to IdMtliy tb« maoMry dtviee from a 
planUlty o/aiher ncttery tferkos es Iba cilenuil bui.** 

3.f.l9. Orvlee ID iofomiitioo it transmitted u put of ■ read tromicinn received fay die 
memory device (Bombt, S;2>'243. It fionns a part pf (he thtny bit device «dditas 
tnnimlscd on Uacs Dp9:0] (Besbo, I4:13*ltl. Thus Bomba diseioses "roceivlBC 
ll0 tha BMffiory dtvlc^l Idtatineitfoa Iplormadon.** 

3.1.20. Only die cnnnory d«vln oddrcosed by dbo d«vic« addreu rBipondi to du reid 
tzonsiciloa TTie Betooiy device compares its device 10 wHb ^ ro inTonnatlea 
tnnsmitted with the device address of> Uoet O{29:0] and responds only if there \% a 
match. Thus, Bomba dlielases "dclemlBing whether Ihe idcotlficstMn 
taforDation correspoodi to tbe Idcotincatlon valsc stored Id the prDgraunmable 
Idfotincitloa register wrfaereJo, when (ha Ideotincadoo lofonaatioo 
eorrttpondf to tb« MeaUAcatioa valaai tha alaount of data cerroipoodlog to 
the bloth itic bforeiatloa b ostpat onto the extenial bus synchroBooalj tiht 
respect CO the eiteroftl cbckslgeat** 

3. 5.2 1 . It foUows th&: the subjec(«naflef of cUin \ 7 is not new. 

3„>.22. Aa acRcd above, du device tD.ia&nnaJdba ia 'c^.^^tn».blu^<r^^{3:()| on system, .ju Aif.^. 
c^y^spi ' . •^"T^..rrs^lJi T'^ »?> ii' '««*gr - .'.'>M? .-5--.- ■ powcrs2p br'duinig a »ub^c^ucw intitfilliatloA iie({4«^ 

.Bomba disclosei diai "the ptogi^fDotable idcnrl/lcatiaa register Is ^gnamed" 
either "after power Is applied to th« acnery device darteg an tnltialisalloa - 
aoqaaaeo* or **darlng no InltiaKfsfloa saqncitce ol the momory device.* 

3 J J3. It follows (hat the nibject*insner of clalas 19 and 20 is aoc new. 

3.6. US Tateni <394,753, Pulillslied July 29. I98J CPenzei*) 

3^.1. Penzel describes a hijhty imesretod memory module. As iUainied hi Pig. 1 of 
Penzet the highly integrated incmoiy module Is a senlcoaducior oacmory devic* 
thai incittdes a memory cell srray (DECODER hfEMOAY) azruged as a pimtity 
of it»ws and cohimos (Peszel, 2:45'J3J. Thus. Pcnxot dfaeJooas a Scoicoadoetor 
memory device bavbig at least one nenoiy arroj wblcb bielodcs a phiralliy of 
aeoibry cells* and to method Of opeadoa. 

' 3.£.2. As ithisnwed \n Pig. 5 of Penzel during 8 chained men»r>' access (block 
fcod^mleX the cohtma oddreii strobe tlgaaJ CAS\ is pulsed (PeanL £: 44.50). Ftg. 
I i shows CAS\ OS bdog o fixed frequeocy signal. Thus. Peoxer ^cteaes "rceeivlag 

I an exiarnal deck atgnal having a flxcd frcqucaey." 

3.6.3. The oenory device of Peatel inr hides a mode register IPenzel. 3:9-1 1]. The mode 
register (a a otse bb register in which two bits Mo. M, determine whether die read is 
8 K 1 read, a ^ read or a (or x9) r«ad (Penal. J:37-42J. Two ftnther bits. M,. Mi 
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determioA the mtabtr of chained icceutts In • md opcmion (bifidc lizej (PbucI, 
}:4?-44 «od 7:4tf.j7]. Tho node itjjiter is propamated txtenuUx packice pint 
Pa-Pi [PrbbI, 3:fi}-d5]. Tints. PobbI dbctoies "rrcrtrlnj block 5l» hiforvatioo, 
wfatfvJo lb« Moclc Hzt in/omacieo d«ftaca aa •moam of data to be oucpiri onto 
an cxttroat buj In rcipaits* to a read nqoal** 

-J.6.<. Tba block nad operadon ta dcambed-(Pmz*^-4:3i.2tf; <6J4-65]. As b-dearty 
atunoicd in Fig. S, JUccGuiva daii u Bii^i (a rsponsa to tuccuslve pulses of the 
otBsisl dock slfisal CA5\. Tbui, taBd dcscrlbei "ootputttog tbo areQaat of data 
cormpDDdlDff to tb* Wock list biformactoo* ia rcspomc to a read nqvett 
lynebraooiisly whb ruped ta iha attrval eloek tfgnaL*' 



3 4S (I (tallowt that the subJeeMnanar of daim I ii not mw. 

3^61 Ai itned above, iuocetsivo dan b ourpiu in mponse to^ueceutve puhes of die 
external clock ligsal CaSV. Thus. Penxel dtscbsei that "lb* asouot of data 
coiraspoBdlns to Iba block slxa InforBatJon b output lyAchroaously durias a 
plonUly of dock ocIm of Iha tTtcraol ctock aleaal** 

3 .6.7. ti rdlowi that the f abjcct-mancr ofdaia 3 i« aoc new. 

3.&S. Ai ahowB to fig. S of Pansel (ondamood with the oecisaaiy oodiricadont bi the 
ease of a read operatloa). dia b biput or ou^ui bi responie to sseceuivc fUlbig 
edges of CASl Thui. Pcoiel dlideaes that ""dau to oatpot onio ibe eaienwl bai 
syDehroBOBily with rnpad to a binaK edge transMos of die axteraal deck 
aipial." 

} .6.9. It foOows diat the subject-matier of claim 9 Is not new. 

3.6.10. The bits Mj , M> of Peme) deslgsasc 1 lO.O). 3 (0.1 J. 4 [1.0] or B [1. 1) aecessei in a 
ehaia tPoua). 3:47-j7]. Hits ts a leginthfflic binary represcotnioo. Thus, Penzel 
diseioi*! (hit "thm block jIxk Inrorrnatkia li a bloaqr ripr«i«ntatloa of the 
araoont of dota to be output.afler receipt of a read rcqaasL* 

3.6. It. It follows that the lubjectsiuaer of clatrn 10 ti not new. 

3J,_ _US,Pae«ni4,7W^, I>DWbbri^ - - t,v 

3.7 J. Ft^ 1 of Bi^'wa n the flmctionaJ block dlasrvn of a ORAM coniroiler (coQsistiag of 
functional blucki 9. 1 1-13. 1S<I7} chat coatroU a DRAM airajr t4. (a dxc pr«f«fred 
cBibodimeni, the DRAM eoniroUer itself is t chip. (Bojwa, 2:36J. while dx ORAM 
amy 14 b i 1Mb conveational DRAM (Bajwa, 4:24 J. The eombtaatioa of 
ORAM conrroUer tad tho DRAM amy consdtuiaj a tcmlconductor mamory device 
that Incerfaeea wtth a lynebrdaaus bns 10. Thus, Bajwa discloses "a semiceo doctor 
memory devica kavlnc at least oae raeeiory array which Includes a plurality of 
fflenoiy ceni* and ks oediod of operaiioo. 

3.7«2. The DRAM controller perfonns iht ftinction of dae btu mterftce of the memory 
device and fa a doeketL self-tlaed davice^ The ORAM controller U driven by a 
clodc having a two noo-overb|ipbi8 phase desigi fBajwa. 2:£2-54]. Four docks 
PHI and PH3 and didr inverses PHlt and PH2I an diaelosad as coiwolliag dis 
lotpe Atnedea (B^wo, 2:34-39). Fig. 4 ihow» how a tnesi0ry acecss scqtieoce ta 
clocked with respect to PH 1 . 

3.7.3. Bajwa ftuther deieribes a dock manacemeax drcuit 2i tad RAS. W£. OE. and CAS 
pla control loste wbieb receive aa extmuUbck m the fbrn of dodt siuials CLKA, 
CLKB. CUCC and CUCD (Ba^va. Fig. 2}. The elocit masagement clrcnU in 
conbm^ioi) »l!h the cloekiAg dgnsls comrob timla^ for the asnaiy icceu 
{Bai'w^ 6:li-23J. Thus. Bajwa dlscbses ^rtceivtrig ao external clock signal 
having a (Iced fk'aqaency.** 
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3.7,4. The DRAM eomreUer provldet limlDg Mquenest tot oae lo four word meoiofy 
MBcsses CBsJwa. 8:16-19). Duriflg a mcmofy operation, tha DRAM leqneRce 
coAMQcr 2a nceivtt • two bh block liss laronaatian code (KUMWORDS) wUch 
coiropoods to tbe fiurebcr of words for the memocf icccfS (t to 4 words) (Bajwi, 
3:63-66; Z). A 3-bi( umy encoded or 3-btt btovy encoded openiioa code 
itgnal Is lupplted ts a SIGNAL MUX 22 to ipediV wheihsr die opentioa ia « read, 
writs or rtftosh (Bajw^ 4:6>t0). TKaa, Ba}wb dbelein "roecMoc block size 
lafennailsai wbtrdn iho block ifas latiDriuiloB dcfloca aa anoaat ot data to 
be Qutpot onto aa ezttraal bos In wspoaac to a read rcqocit.^ 

3.7.i. The progitm RAM 2a contaliiinf the DRAM eecus pmtAcoU and tiauagi, Jus^s 
to tbe pcnloa ofptognm RAM mmary apod^s the aoeeu protocol and timing 
for d» number of wofdi tp>dfled m HUMWORDS [Bajwk, 8: 1 4-3 1]. The ilpial 
multipleiccr 2i2 telecis the apprapytau iiffxa\t from tbe fining sequencD siored in ibe 
projfraffi RAM 20 aod driva the virious RAS. CAS. 0£. lod "WB ftiKnab, tiens 
. with die licsalt from cloek fnanacement unb 21. clockiag ilgnalt (CLKA-CLKD) 
and AIU£K [B^mv. Fip. I Sftd 2]. A< ihown ibesr sipuh arc synehretious with 
respect 10, It \eu% clock PHK Th9y are suppited to iha ORAM lod c«tu« tbe 
DRAM to output the lelcct^d amount of dstL The read data cotnhs ia from the 
ORAM b^eucd ui the (oeaory cooirol unit and b output onto the external bis (AP 
Bus) accon}ing co a pre-prosmnacd tlminc sequence vhieh ifidicalei the clock 
cycle durins whicb the trvismllliDn of the md data may begin |Bai«ra, S:64>6: tdj. 
The AP bus timlitg requirts the transmission of a data word oa every but cycle 
[Bajwa, 6:1-2]. Thus, tbo data ta r«ad oos syschronously with reapeei lo die oAennl 
clock signal. Accordingly. B^'wa discloses '*oatpi>tttng (ba amouat of dato 
coiraipondlaff to tba block sba laforaatloa, lo mponsc to a read raqoest, 
syocbroaoBSly wilb respect to Ibc citeraal cHock ilgnal** 

3.7^. U fbUowi that the nibjcet-maner of claim 1 U noi new. 

3.7.7. The read data from the DRAM is queued in the memory cemrol unit and is output 
oaio Iha extenttl bus (AP Bus) acconling to a pir-ptosrammed limbig sequence 
which Indiates die clock cycle during which the Iraosmtssion of the read data may 
begin [Bajwa, 5:64-6:t4|. Tha AP bus ttimag raqaircl Ihe ttiasmttslon of a dau 
word ovtiy bus cycle (Bejwa, 6:1-31. TYius, when more tfaan one data word ia read 
from the PRA^>J*<bt anouiit. of^deU., eorfe>pord!ef f^Jt^f blesU slas. . 
■ ' taformattDfl u^tput syaehroaoasly daring a'plisralKfof efocli eyclcs or tb» ' 
a&tcraal dock algnaL** 

3.7.11. XT follows that the tufagect-RiRer of claini 3 Is not new. 

3.7.9. The mcfflory iochxdes a program RAM 30 for' fteri&g "tiroins sequcscu 
progrsouned Inte" me ORAM controiler to maicb the speed of any suoaber of 
existing enays (O^wa. 3:44-43; 2:6-7}. Tbe timing sesvencci are programmed ioto 
program RAM 30. which b a 53x3 5 amy as shown in Fig. 3. Each of the 53 rows is 
ui«d for programming all 35 faitenial traatitien control siipulj rtqoired Ibr one 
clack cycle. The 53 rowa are used u follows. Tbe DRAM eoinroUer is capable of ■ 
block litt access of I lo 4 words in slu [B^wa. 8.-25-34], and the liming seqttcnec 
for each of the 4 blodi itxe types Is progranmed separately, i.e. by uabig: 

3.7.9. 1 . 8 rowa for the timing lequcace of hword ecccsa. [B^wa. Fig. 6| (sua delay 
ofSclockeyclesX 

3.7.9X 1 1 rows for prograninilag die timing sequence of a 2-word access (max delay 
ofllelockcycleaX 

}.7.9.3. IS rows fbr pfoovamiig 1*10 lioiiag sequence of & 3^0f< access (max deiay 
of 15 cledc cycles). 
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3.7.9.4. 1 9 mws for prognixuBtas the rimug lequeoee of a 3-woffd access (mak delay 
ori9eloe)cq«!ci). 

3.7.10. Thii reqidrn t totaj of 53 rowi. Tlvtt. prognzn RAM 20 compriies u leas four 

acceS40Qt rc](isi0i used to ipecIfy-4 diflBraa tectn 5!j7.m corrzjpoiiiiig tc <&cb 

of the 4 poisible (propamnisbla) block tlaea. (a tfcii scheme, one pre-prognoimed 
tibial RFYMOW tignab di« memoQ^ amml tmfa lo iransmit the read reply packd 
to the AP bu» (B^wa, 3:64-6: U]. ELPYNOW can cozrcsponl Co any Qac of a mimber 
of clock cycles [B9jr»f^ 6:10-13]. Thus, Bajwe disetoMs *rtcctrlac aeccf*-tlnw 
tnrormaHoo wbercla tbe accts»-tlait tafbnnattofl is represcauUve of Duobcr of 
cycles of tbe nterml clock ilgeal to transpire before data U outpot eaio the 
estenial be* after rmlpc of* read reqoesl.* This Utfbnnetioa U proparaaied tsto 
a "prDgranoiBble acceM time regfater.* 

3.7.M. U follows Ibil the sobjcct-rnaaer of clabsa 3*5 it not new. 

3.7.12. The block vae Infomtohaa NUMWORDS b two biu (Bajwa. 3:63-46; Fig. 2). 
Theie two bitt cenreapoad le block aiacs of ens to (bur words. Thin, HUM WORJOS 
b a ^binarT representaifea of the aaseoRt or data Co be eotpvt* 

3.7.13. It follows diit die sttbject-nom.T of claim 10 li ooi oew. 

3.7.14. When e reed reqi.*cst b received, the ccnoal icQucRCing logfc (CSL) 17 of the 
DKAM coficrollcr suns » dmtng sequeste thai pn^vido all the tlmm^ required for 
accessing the DRAM array la each dock cycle. A SEQUENCE signet is set high to 
Indteeie thai dte DRAM soniroller b cuneoity procesibg cbe request (B^jwa. 3:66-. 
67; Fig. 4]. SEQUENCE ti set tow (Inactive) when the processing of the reqoest is 
completed. A RAS PRECHARGB U diieussed [Bafwt. 7:15-26). The ORAM RAS 
pitehtr^t time i» tpeclfled by ■ 3*bU counter In (he prefcrrtxt cmbodlmeoL The 
counting of Cbe prceliar(e cycles Is enabled wbeo SEQUENCE goes teacdve 
(BAlwa. 7:21-23]. Hence, the rneioory array it "aoioffliclcaUy pracbarged after tbe 
riied raqucit bet been exacuted" by the DRAM controUer. When the count 
expires, precharce li complete and (he DRAM costroller b ready lo procesa the next 
re^uftft (the preehersa counter U also reloaded in preparaden for ibe neict read cycle} 

. .J^^ySLl'^'HU . . . . .. . -.^ 

3.7. 1 3. ti follows that the lubgeci-Riatter of daim 3 1 b not new. 

3.8. lEEC Staoderd tor a Simple 33-Bb Bacbplaee Bui: NuBiti - MiSUlVXt Std 1196* 
1.987 rKuBuj") 

3.8. t. The HuBus standard b a synchroaous computer backplue bus atandaid In which die 
bus b ttsed to eonntci devicei and to provide ceroie resoureea to> the connected 
devices [Nufiui. Fig. t). Coaventiona} nemory etodules ire one typo of device that 
iney be aaached to die NiiBus (NuDus, p. 42 (A.l Note)]. Thus, KuBui dbcloses **b 
eenJcoBdttCter Beemory device bevieg at Icaal ooe ncmory array wblcb 
lacliidcs'a phiraUiy of memory cclhT end iia method of operatioxL 

3.S.L The Nttfiiu modules receive ta edonl dodt source (eeoirai system clock) 
(NuBui» Fig. 1; p. 4 (Seciloo 2 J. I)]. The clock source b eoremon to eeeh NuBus 
module. The clock Is a fhiod frequency clock, oominaDy opcrattng ai 10 MHa. and 
a axed to synchzontxe bu> ubitr&don and data transfers [NuBus, p. 4 (Section 
2. i.l)). The clock signal b djf»ea from one end of the bus to termtnatloa at the odter 
end INuBua, p. 44 (Sedien A.7}]. Ibw NuBus desc^s **recatvlog an exieratt 
clock sigsal bavlog s Used ritqueMy.** 

3 J J. NuBttt provides fbr block data transfeia la block sizes of 2, 4, 8 and 16 words 
[KuBus, p. 1 1 (Sectloo 3. (.4)). The aumber of data words nnsfared b coatralbd 
try Ibe master and communteaied during tbe siart cycle. block sitt and block 
starting addrea b tnnsraiEted over the 33 bit muliipleaed address and data lines 
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(which n» b«iween the mnter end ibvt devtee«> whila the START* tIgnU U 
uscned [KuBw, Fig. 4; pp. IMS]. Tbu. KoBui disloies ''reeeirbs bloek tizc 
laronnatlfta, whtrein tha bloek ilxe taforviaUoB dcflsu m aaosBt of dan to 
be oulput ODto aa cxltnial but la response lo a read rcquaL** 

. 3.8.4. Tbt flave device drivo me Hnt wofd of Ihs r^eiud dma o0o the 32 bit 
multiplexed iddms sad d«tt ttoei. Tbo siBit of ihe data trvufer b sjQctonouj with 
respect to CLK* (occurH&| ti the rising edge) [NoBui, fi^ 5: p. 12). Blockl ordAti 
arc eutpot £rom the slave tyAchiooously wtih mpeec to CLK* until the desocd 
block lite ii mched fNuSui^ Pig. SI Vm, KuBut dhclosei "outpattiag the 
amount of data oermpoadlng to the block she birormatiotw to rcipoase to a 
read reqoest, ff}vebranoiuly witb respect to the crteraal clock aHtBat* 

3.BJ. ft fbtiowe that ifae tulijf sci-maitfr of clafrn t ii not new. 

3.t4i. As staled above, the sliVe device drivai fti subecq^i words of ihc requested data 
onto the 33 bb Aumphxed eddms and doa txm. Blocks of data are outpw 6om 
die lyechronoiuly with respect 10 CUC* imtU the desired bbck site ts rtacbed 
(>4uBiu. Fig. 3: p. 12}.: Thui, NuBus dbcioses that **the aaaoool ef data 
corropoading to the block aise laforvielloo Is output synchroaoosly aring g 
plvraBty of dock cycles of the eilcrsal deck sigaal.** 

y tt fbUows that tho subject'maner of claim 2 it oot aew. 

yZM As discussed, blocks of dau sre output flrom the slsve onto the eatcenuJ bus 
ayaehrofiouily widi rcspccr 10 CLK* (NuBvi. Tig. S]. The dao Is output 
synchrasDUsly wift respea to tfie riling edge: *fB]us dgaals shall be chansed oa)y 
at the risiog edge of CLX*" [NuBai. Fig. ); p. H (Secdeo Xt.&.l)). 'rhus, NoBus 
discloses that **tho data. Is eotput oato the cxttrsal bes ^Dcbroooosly with 
r»pBCt to a rbing edge traoiitloD of the extcmsi clock signal** 

3.8.9. It follows that the subjeci-maitcr of daSm S is itot new. 

la NoBus tbere are four dUTcreni block lizei Z 4, t, and 16. There are foto' bns to 
define iho block size (AD2 • AOS). If A02 - Ktgb to Ae sbe is 2. AD3,r High....- 
^cfi sixe b 4, esi [WuSus, Table 3]: Thus, ±8 AS line? rcpnsscnt the biodic sta ia~ ' 
binary natation. Thu, NuBus dbclosei that '*iht bloek sl» (arerfneHoa U a 
fa(o»fy rcpnsaotatloo of the emoant.of data to be outpat after receipt of a r«ad 
request** 

3.8. 1 1 . Ct follows duit the subject-aatter of clain 10 b not new. 
3.9. Salable Cohereaf lnccrCsee("5Cr) 

3.9.1. *^Tbo Seabbic Coherent laterfacc Project (SepcrBu)**, SCI-23AQg88-doc 

rsciA-) 

3.9 J. . »S«alabteCoh«reallaUrface»,SCI-»N«rS8<doe30(«SClB"> 

35.3. P1S96: "SCL A Scalable Coheront lotcrfate**. SCM8NovBS-doc 2 rSCI C*) 

3.9.4. *•?^posal for Clock Dlstribottoo IB SCP-S/S/BPrsn 0*0 

3.9.3. NoTik Deca RepOTt - *A Proposal far 5C1 Opervrien** by Knvi Aloes - 
November 158BrSClC*) 

3.9:6. "ScaUblc t/O Arcfahectura for Bitsei« by David V. James, SO-lBNovBB-docl 

(SCI 



3 B. .0. 
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3 J.7. SO b ftn ineerfto itaiuUrd used lo fteOiau tfie uscmbly of nodes, or devfcci. 
Inelvdbg preceuon. I/O devices and nemery [SCI A. p. 6j. A code cia be a simple 
memory nodult [SCI r. Fig. "Botrd AfchiucTure** p. 3]. SCI uses s 16 bh wide 
jjrBehrMOBi, psekatizsd fawi« i» cany tddrau, dsa and comrol bromuTion [SCl A, 
^ ^. 71ms, SCI ditelosa t "VmleeodsctDr mtntry devfet bavbs at lesst oat 
iDcmofy sn»]r wftlcli loelodts a ptaralliy of aemory etIU** ud hi mahad of 
■ . - ■ cf^sztiat— ; • 

3.9.1 Each SCi node receives « pcoal from a ceotrtl system cloek (SCI FI^ 3; SCt B. 
p. 3). Tbus, SCi dJielosas **rcc<tvlQg aa cittraa] clock aipgal bavtng • Used 

3.9.9. An SCI Aodi rvcaivei a roqiicn padut with btrceU aoure*. conool and addxest 
InCsmatlon [SO A, Fi{s« 4 and : 5]. SCI Mippons uperaUoos cf}}, £4, 131 lad 256* 
data blocks, and 1-16 bya subsea of cbe Ift-byta block (SO A. pi t; Fifi. U; SCI C, 
p. 11 1. The block sixe infonnadoa is cmivcycJ in Oit trajufer code, which fonai part . 
of (h« coairol Infomation receiwd bjr the noda [SCI A, Fl|t. U aad 15; p. H; SCI 
C. p. 13 (Metder CoauBand)]. Tbu. SCI dbebsai *>ccfhriog block flu 
tftrormalloa* wbtraia lha block stta Infonnafloa dcllocs' tt ametuit af data co 
be ootpift onto an mttraal bus la re^poasa to a rcod ra^aesr** 



3.9.10. The tv^eted device oinpua t vanabte siit data block Dsia Wovd 0 lo Data 
Word a) m accordance witb the block siza iafianratioii (SCI A. Hfi. IS: p. Hi Alt 
inputj ud outputs on lha bus are syochfomnis %Hdi i«spMS lo ihe attmal system 
cloek [SCI A, p. 3}. AH nodes \n SCI operma synduooously wtib rsspact to dw 
ayaxcm clock. "Pius, SCI ^tlaitt '*outputtla| the aoouat of data corrfspoadlog 
10 the block lixa {afornatieo, In respooic lo a read rcqual, syocbronottsly witb 
roped to lbs cxtamal clock sigool.* 

3.9. IL It fbltowft th It tha subjeei-tn>tur of claim 1 b not oa w. 

3.9.12. Tbe variable size data block (It,, Data Woid 0 chough Dara Word n) u output in 
aeeerdiDce with the block liu infonnsilon [SCI A, Ffg. 13; p. I*]. Succeulve data 
words are output during a phmiity of clock cycta. All inputs and outputs on lha bos 
Vt synchnmous (SCI A, p. 3]. Ail nodes io the SCI operace syochronously with 
rasped » iha sysiem elodc Thui, SCI disctosea (hat "(he amount of dau 
correspoodinf to^hc block tlxr InfornaUon Is ootput syncbroDOi>*!« durlog a 

>vr::«>->-. -^ ploral!!; of'CloclQ'eJesnrth^^ ~" ' • 

3.9.13. II roDowi llutthe subjeet'fiuaer of daim 2 Is not new. 



3.9.14. SCI dteetosai iba use of boft eloek adgai for changing data (SCI B. p. 3: SCI D« p. 
3). Thus, SCI diiclotas that "Ibi data Ls autpot onto ths cvtcraal biu 
fyoebrooously with respect to a rising edgt traosltloo of tha cxlarsal dock 
sigaar fifid diat **tbe data Is ootpac onto cisa arisraai bos aynchroBonsly with 
mpHi to a falllag edge trantltton of the ntrrnil dock ilgoaL" 

3.9. 13. rt ibilowj tfiBt Iha sot^sct-maiter of claims 8 and 9 b BOI new. 

3.9.16. The "i^tf raqucsT and *%tock size tDforoiatloii'* are both contakied w*thin a 
"reqocst packer (SCI A, pp. 4 and 14; FlgS. 9 and 15]. 

) .9. 1 7. It Ibl Iowa that tha subject-cnaBer of shim 1 2 u n ot new. 

3.9.18. SCI dbcbias die oss of an Imeraal dock ligrul gcnemcd by a di^ita) phase lock 
loop to eliminate clock jkrw (SCI B, p. 2: SCI D. pp. i-S). The Inmal cksck b 
osed Ibr outpuning data oa (be cxtBmai bus [SCI 0, p. 2]. Thus, SCI disdosd 
'gcttcnttof « rirft ioterec! clock rlgnal oilog Iba czicmal clack signal i^berda 
Ui« Amoinit of daca corrapoodiog to the bbcksfaa laformatlOD is output oe co 
the extml bos Qraebronoosly witb rctpecl to tba first fataraat clock sigoal." 
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)5.I9. ti follows Ihti ihc lubjeafnaner ofctBim 13 b not new.' 

3.9^0. As disoiised, SCI dlidoia the ose of a dl^l phase tock bop to gensTve an 
taneiiMl clock rtgiBl [SCI B. p. 2; SCt O. pp. US). Th* dlshal PLL 4bcloicd id the 
rafbcoee D b o DUU Itihowi rtit on of a dekx line and no VCO. Ihua, nbo first 
totomal dock algnal li Reocrated by a dalaj locked loop.** 



y$M, eachSCInodcbasauniqua I6billdeoilflcadoncod«SMicdlnareslitcr tSQ A.p. 
i; SO % pp. Una, SCI dbctoiei ihsi **tbe wmtcoodDttor mtmwy foviher 
lododo a programmable idcotifleotlon rtglmr to store ao Identfneatloa vaJse 
10 Ideotlfy tbo metBorj drvlrt frvm • phiraliiy of olbar memory devtcci on cbt 
otcrnal bu.**7%e ID bfennafloo b sent in die requtit packet aad received by the 
SCI fiodea [SCI A. ppi ^7; Ftg, 91. Thus. SCI diaclaaei "mcmac Ideatiflcatloa 
lofemMtfoa." 

3.9^. SCI oodts deiermbie wbe!hcr (he larga identification code to (be rcquesr packet 
mateho the identiricstion code of the node [SCI £>. pp. I aod 5-6). The targeted 
oode oQ^piffs a variable ilxe dau block (Lcl. Data Woid 0 though Data Wof d n) b 
' accordinco with fte block size tnfbnaailen fSCi A. Fij. 15; p. U}. All bputi nnd 
outputs on ft« bus ara lynefajonous wMi reipea to ttio eacicnal syfieao clock (SCl A. 
p. 3}. AH iiodot 'm tha SCI opente lynctrronotuly with respect to tbt system clock. 
Thus. SCt dkeleaea "detBraUlag wbwtbar tha IdentlAcation Information 
eorrefpofidi to (be Idtatincatloo vthtt stored In the programmable 
{daiidflatloa register wberrbi. when the idcntineatloo lafomatlofi 
corrcspondl lo t&c Ideottfleatloo vato^ Iba amooot of dota eorrwpandlng ta 
tha block she InibrmatCen b outpot onto Ihc extcroal bus fymebroBOttily w(tb 
respect to the csteinal clock slgnaL** 

3.9.24. It fcilowa that the subjccl-macter of claim 1 7 ii not new, 

3.9.35. Tht Ideatxficfttios regiiier conuini a GlobaJ ID and Local ID. The QlobU ID is die 
10 MSB of th« nods ID and is used to identify i ring on Che SCI network (whicb 
contains scvcrel oodcs) (SCJ £, p. 1] Thui, SCI discloses that **tbe programaable 
Idcottflcatlon rt^bler stores ao UenllflcatlOB rotue Co MentUy the memory 



3.9.27. Kode ID*i are aid^Ked during an initialtsation sequence after reset of the SCL A 
hasdwara or loftwvv based protocol b employed ts assign node Ideirdflcadons. 
PQllowbifi d>« assignment of node IdentMculon. the SCt roaster wUI initialise (he 
bterfaca registers of ;he vario<ii nodes and wilt cause the node 10 to be ^Tinea into 
■ Ihc bdWtdua) regbten (SCI E, pp. 2^]. Thus, SO discloses thtt *tbc. 
pragnmiDoblc IdcottllcittoB rrgtstcr li pregnamtd alter power Is applied io 
ibo mooory tfe¥foa durattoa loUlaUsatloo or tbe namory dsvfea' and that "tha 
progmmmabk MenttAcoftoR regbtcr aiercs an IdcatUealioa valtte during so 
InltUllMtloP seqoenca of tho memory dcvtci.** 

3.9 J8. It follows dkfil the subjec wnaxter of claims 19 imi 20 ii noi new. 

3.10. US Potent 4»78S»S94, Fublbhcd Movembcr 13, 19as r Flicber^ 

3.10.1. J^Ischer describes a muhlprocessor cooiputer sysrea arranged anund a split* 
transacdon bos [Fischer, abnrvni. Bvs devicei are notJooally classlOed Into 
-loiiiflton," locludiog CPU modules, and -rcsponden,- including memoiy modules 
^ [rischer. Fij. I]. Tho split-mmsfsrion bus «.t!c3 dl {iu'crruation bctwuji bus . 
devices and no polat-io-polfu lipall tn used [Fischw. 7:36^0J. Esch of d>e 
tneiaory modttles inehides conveaiioul ittamoiy components (Fischer. 6:^7). Some 



3.9.3 1. It follows thxt the SDbjea>maDcr of claim U b ooi &ew. 



3.9.26. 




U felbwt d»t tttt subjeci>tnaner of claim 18 fs not oew. 



28 



^ S63 FH PG 0307 



EP0pipiB32.4 



21 . 

Of aQ of dw memorto tn Oia modulci mi> be caebe mtmvw tFische:, 6:17>tP}. 
Both [ht conveffllofoJ vattaorla iztd cache mtnoriea are lemkonduaor cteaiorics. 
Each incladea lemicoBducior losie ceaipan«nts [Fjjchsr. 9:47-49). Thta. Fnehcr 
disclfltes i ''tcaleoadoeior minory dnrlet hivtnc tt leui oob mcaoiy amgr 
wbkb ladudei i phiralliy of mcBory ctlb.* 

3.10^ A typlciJ rupoDde; module li Ilhunicd to Tig. 2 (right hiod tide) offlscher. As 
can be lecn. it inchides clock rocatven 76 thai reesive clock siffnilt B.CLK 0. 
B.CL)C I. Ai shown in Fip. 3A and 3B of Fischer, ihese dock fiffnib an fixod 
ftcqvescy square waves b quadrature [Fnehcr, 1:33-5)). 7>ey are ceoarated by • 
bQCkplane clock eeacration ciiuiU 74. Clodc Skew Js eUminaied bjr the use of eqoal 
leocdi chxk iIads) coAduetDrs. ensoriog reliable lynchranisation (Fhchtr, 8:33-50]. 
Thus, Fiseher discloses '^reetiriDg ma evtama) clock sigDal hosviDg a fixed 
freqacsey* 

y. ioj. The initiBang mniacHon of a raid mention is ilhisovtod in Fis> 6B fFlschcr, I0:}2* 
35). TYic&rmaiofcheaddjmiri&nnalkialrwamtlftrdmbus cych X ofFts. 6B is 
shown la Fig, 7A (Fischer. 14:26-29]. Il biehidsa three ftelds. A fnl Tield 86 a 
two-bit ftekJ iodkatini (be future of the nnsactioa (read, test and set, scixib or 
• write) (Fisctwr. 13 J9-64]. A second Reld U a a 28 bit memory iddresj thai 

Idanllfles d» reapondtf (o whkh tha request b addreaud aad Uw addrca* wrtthtft that 
rcfpondcr (Fbchcr, l3:64-H.-4). A thiid (itid 90 Mkaics whcdser oae^ iiao or four 
doObiewards are to ba iraosftrrtd to reipoiBo o d» requeat (Fiaeber, 14:4-8]. Tbui. 
Fischer dbclosei ''rtechrtag block else hiftorDUtlon, wharvla Cho block aba 
IsforaatlDn defloes tn amount of data to ba output onto bb Rtcraal baa In 
raspOBtt to 0 read rrqocsL" 

3.10.4. Each clock t«ceWer 76. iUustrAed in Fig. 4 of Fischer, geocratet four tmenial clock 
slgziab BO ... B3^ on« quansr cycle ooi of phase widi each ot^e^ (Fischer. 9:6*15; 
Figs. 3C»3Fj. The Consu of data piiced oa ita bus la response to a resd request ii 
illuiirued to Fig. 7B. As shown ui Fig. 6B, one doubleu-ord is output per bus cyde. 
The Fisdicr i>ftcn ii lynehronous [Fischer. 8:33-50: 9:36-38]. Cooirol. address and 
daJB sigBsb tnmfored from bus master to bus slave Oniiiuor to respondfr or vfet 
vma) are deafpoted as signals Bi)AT3t-0 [nscher, 13:43-50]. Theie sig^ials ire 
asMited OB du tlsbis cdg* of BO and nesated on Ilia riling adga of B3 (thraa 

quaiten<ycl«s lata). BO ii synekrocdied with calcmal clock tlgaal B.CUC 2 , ,J 

'■' " » - -* — eorreapoediog to tbc block sixc iafbrmattoa, to response to a rtad rcqacs^ 

syochronousbr with nspect to the eateraal dock slgBaL" 

3. 10 J. It rotlowi thu tt« tubjecfaBBsr of claim I at not aew. 

3.10.6. As discussed alM>ve and a» shown In Pig. OB, one douhleword Is ouipui per bus 
cycle, tin Pischer synem Is lynchromnis [Fiseher. 8:33-50; .9:26-31}. Consol. 
odd/ess aad din il^oab iranifentd from bus master to bus stave (Inltiiior to 
rMponder or vfer varta) dv desipialrd as litpuls B.DAT31.0 [Fischer. 15:43-50]. . 
Tlcse ilgaals are assenad oo the rising edge of BO and aegAUd on the rising edge of 
B3 (threi quartMyela laterX BO b ayachroaiscd with external ctoek ligfial B.CLK 

I (Fbelicr, Flfti. 3A, 3C and 4]. Thus, Fbcher dbcloso* thm *1ba amoant af data 
eorrnpoBdlas to Cbe black fte (afermatioD b oacput fyaebronoiMly durhis a 
plurality efelock cyelea ef the titeraal dock slgoaL" 

3.10.7. UfoUovrschird»sttbjea.inanerorclslm2 bneinew. 

3.)0.8. Again, u discussed above, eorml. addrtas and data stgnali B.DaTjI 4) vsaioicfted 
on the rising edge of BO. which is synchronised with external clock licnal B.CLK I 
irischer, Ttgi. 3A« 3C and 4). Thus. Fiseber diieteses that **daia b otilpot ovto the 
citcruai bea iyocbroaowjly with rupcct to • njki|e adgv tmnsHbin of the 
external clock ilgnaL" 
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3.t0.9. hfollowiQitsihciobjeet-aiaaerofcbfanlitnotMw. 

3.10.10. Ko invciiilve step would be lavolved in tdvancinQ or reording tU of che clock 
iigfiAb of Fiichcr hj ont half clock cycle llua. Vus cycla vrouU begin and cod on 
thr risinfi edge of D3 niher thaA BO. !s !tia tfszt, *^S5tr- ts ftVTpitt ooco lbs tsterBal 
bos irnck/oofitiily with respect to • blUnf cdct rraoiWoB of the oicitial ctoek 

3.10.11. bfoUowidi«lhsiubjetMoAita>orcUfm9 ifobvfottt. 

y, 10.12. As discussed above, the third field 90 of ihc uUress infbnnitloa (rnnsmined lo bus 
cycle X ofFiu. SB incHcaxes whether one (0.0], two [0,1] or reia> [1,1] doublowords 
■ft to be bmifmaj in mpense to the requcit (Plsehcr, U:4<4]. Thui. die two btU 
■re t logaridimie btnoy rcpcetvrtaiioB of the block else In uoia of 32 biu 
(doublewofdi). 1bcrefof«. Plscher discbaci that "Ut block afac loronsotloa b a 
bloafy reprmntalloii of the sneont of daU to be outpot aiUr receipt of a read 
rcqscst* 

3.10.13: it follows ibeilhetubjccl-fneaer of claim 10 it not new. ' 

3.10.14. As dhCBued above, « two-bit field 90 of dio eddrejs informarion cransmhied b bus 
cyde X of Fi|. 6B contains tbo encoded block sice lafonaadon. Thui. Fbcher 
dbelous that *lhe read rtqucst and block sin nformation are mctudcd In one 
request paekCL" 

3. 1 0. 1 5. - n IbOowa that tutgccMnattLT of claim 12 b oot new. 

3.10.16. AS dlseuised above, coocrol address and data ilcnats B.DAT31-0 are assciud on 
the n'tins edge of internal ctocX signal BO. Thux Fischer discloses "generatias a 
Hret faitemal cloek ilgDil uitag the eiteroal eloek iisoal wharaio (he ■aieoat of 
dau correipoaisiBg sd the block atu toleriBatloft b outpot on to the ciierao) 
bttt ayoehroaoualy with respcel to tha nnilBttnial dock dgftal.* 

3.10.17. u follows dtat die wbjMUmanerofclalm 13 baoi new. 

^- .i,- i-^^; - ••■r T-*s%i . .. .M'L *i/&2i'^=5^^ra?l-s:'«<avdueu=i3 »te¥c.'a^ addrett and die stg^tils B.OAT3t-0 are bcg^'dn- — - 

tfw rblog edge of iatenal clock signal B3. Thus. Fbcher dbelosea ~gcscratfaB Ont 
aod secood btcnial clock signab nslng the czteroal ctock slcrul wherdo the 
amount of data eorrcspoodiog le the block ibt iafortoatlofl b ootput oa Is the 
extenial has sT&chronoosly with respect to the flcst aod sceond Intental clock 
stgnals." 

3. ( 0. 19. h follow ih«t the tubject'mater of cbdm 1 5 ii ooi now. 

3. 10.20. Ai diseosscd above, the format of the add/ess mfoimation cransmiaed in bus cycle 
X of rig. 66 b shows b Fls. 7A (Fbchsr. l4*J6-2 9]. it iDchalei (h/eo fkldi. The 
lecend field $8 b 1 28 bit rocroofy iddrua ttut Identifin dio retpondcr to which the 
requen b addivned and dw •ddtcas whhtn that icipooder (Fischer, 13:d4>M:4]. 
Thus, Fbeher dbdasea "receiving fdantincatlea faifornaUoo.** No point to pomt 
signab are oKd CFbehcr. 7:36-40]. TW each oiemoiy modnb must decode the 
MSBi of tbc addmi Id detcnnine wbedker to respond. Accuilingly, the module 
mttsc contain an tmemal address space Idendflcarion with v^h id compare ±t 
MSBt. That ftddreu space idenilfleatloo must be pregyemmabte, and in Fbcher it n 
received from the backplaoe (Fbcher. 16:2I<!27]. Thut. Fiseker dtsclooes *^ 
progronmafalt Men Kflcadoe register lo store an IdentUtcaUoo vatee to ideatlfy 



the mamery dovtea froa a plurality of other menory devtcM m» fhr ^rtsron! 
'mar and -dnraiMloc ^9tUr iht idcnUnorion Ipfortnarion corrctpoodt to 
the IdcolUbailoo vnloe stored to the progranaabb Ucntlflcation ncheer 
vfherein; «bao Iha Meotllbatbii lolOnaatioa corresponds to the tdcnttneatton 
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vilu*. ifct MBOaBt of date corraponding to Cftt Week tta* farornaUoD li otttpnt 
onto Iht meraal bu lynchrooooily wttb ruput to the enernal d»efc ilgnsl.* 

3.1 0 J 1 . It feUowi thti the Cttbjecr«mAiier of eUItn 1 7 ii net new. 

^.XOJX Ai diieitsced above, FUcher describe* rcMiviag an sddftn apace idoTtir^ 

ibo Indqplsne. Iltb ouK be dese during m initaKnttoQ se^eoee fUl^ 
up or the mcmonr WBoM ba imabk 10 respoDd to fcquetti. 

3. 1 021. It roUowi dkat fha lubjcct-fraRBr of cUfau 19 tsd 20 b noi new. 

4. LAo: OF iNVEimvr yre? art. s6 rpc 

4.1. The mtttor dUclwd to the Pwem Applicaiiso does net support ftay claim purporting lo 
cover buses otSicr th«i tfic tttghly muhiploKed bta dflicribad or read requests oihsr diaa read 
requst packeo. Id proceeding} broughl to the UK* Frttiee and Gcraiany under the patent 
Bristog torn die Paicst Applicsifoa, dis pttBtec bu usertcd fluu iba imB '>nc[ctiiftl toa" 
and 'Ycqneur to eranisd chiRi I of dwt patent ihouU be ailbrdad as bRerpmatloa wldcf. 
than that suppottid by (ha Parent AppOeilien. The Ibltowing diieimien aatumes that meh 
a wider toterpfatuIOB mty be advuecd by the pittntea.ln respect of the Raieni. 

4.2. The SUbJec^maltcr of clainii lOlof the Patent u obvious even if antitled to thi dselirad 
prtority dato of April tfl. 199a 

4.1 Other Ralavanl DocttneBCS 

4.3.1. - Progremiaabia Block SUa Reads (Claims 1, 2, ft-lO and 12) 

4J.1.1. Japaeesa Patcst Appllcatloo No. $63-142445^ PubUshcd Jvne U, 1988, 
«Bd EogUsb Transtotieo CTagocbn - 

4J.I.I.I. Tagucht duclotei a mrmory device having an •my formed from a 

pluraUiy oC memuy celts (l'a(;achl, flg. I to conjuirdoB with Flgi. 5 
and 6 end 4:2709) end hs oiethod of eperarion. 

4J.I.I.2. A data length register bolds (be entire size of the data to be aecened 
^* ■ : *■ . ^v^CTapwii. p.-4].--rn add'ticr., Tsgachi diK'^iaaTea s's bl5c4rfca^fi=«^*^™'« 
register to deiiae the ciie of each block aad a data leogib roglster to 
define the oionbcT of bloda that aie to bo accessed to en opcntion. 
[TagQChi. p. 4], Block data of the rin specified m the block fcngth 
register la nad fntn the neswry, tbe next block of oemoiy to be 
accessed h caJculated from the softtog addresi phu tbe block itze, 
another block read is pofonsed, end die new stanlng acdieaa b 
caicuhtrd rieeuehl, p. 4). Couaten monitor the auobcr of block reads 
left to tho block occesi openiioa. The leadtog proeeaa tonUmio tiaiil 
dM amouDt of datt ipedHed in the data lengdi regHser ia outpnt 
fTiBuehl, p. 4) 

4 J. 1.2. US Patent 4^1 SJOt, Pobltsbed Febniaiy 9, 1983 (•Jaekson'*) 

4.3.1X1. • iacksoa disctoses a syfcem with a micn^rocesso/ attached to a Bus 
loierftca Uatt (BIU) which provides Cor toter&c* eootrel of dau 
owufen between the.poceasar and deviees. tocIudiBg memory devices 
tJaeksoB. 4:17.21). Baeb unit to dM system receives a doektog slfioat 
CLKA to comni synchronisattoa {iaekson 4:36-44; S J6.38J. CLKA b 
offiaed fre^tieaey (Jaeksoi^ Fig. 2). 

4.3.1.3.2. Jaekion tUscloics block atodes of up to 20 bytes per read rnucst ' 
(Jaelcsen. 3: \6'\9; 6:4-6]. SpeeifiGsUy. Jackson supports transactions of 
1. 1 4. 6. I0» 16 ud 20 bytes [Jaeksoa, Fig. 3|. A tbee bit long 
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lequcfice la & concrol ipeclflciTlOA U uvd to tpt^iiy block »ize 
(iKkaoiu n|> 3 Cbta 10. 1 1 and 12); 3:29-30]. The metnoiy muns the 
nqnetttd Rvnber cf ditt ^es to ihi BlU [Jscksoa 6:1-12). As ihe 
menwy comuittes to eui^ the dm. the BTU fauiftn and aUgnt the 
data ud thta oansCen tfcs doa iam» the ACO btu to tK* proccasar. 
Thii prvceu h rrpcaiei) imdl (he procsssor hu rtceJved (be requaied 
Dumber of bytti (i«ckioxi. 6:30-231. A re«d optnitoo lakes placa over a 
plunlitr of clock eyelu (itckien. SJS-SO; Fis. 91- Ths block tin 
m fomtahoR li a biDvy fCFetematxen oflha amoom ^dtu to be OM 
(iseluoa. Tig. 3). 

4 J. 1.2.3, Jtckion <Ii»elesoi the ujo of i «oavol spodflcation whereby the 
op&fttiaa code (read rt^uoi). blodc it» hfamutioa the eight least 
V dsalfleant bb of (be addreii tic placed en tha bn al the lama timt 

{JaeksoQ. Hp. 7 mi 3; 5:53-58]. 

4 J J. Programmabk Access Tine RegUter (Clalaa 3-7 lad 11) 

4.3.2.1. Japaocae Patrat AppNeattos Sho 62-7i428. Pnblisbad Oclebar 1988* 
and CogUab TnmlaHDa f*YaDiigDehl*0 

4.3.2.1. 1. Yaroagvchl describes a dual-pon RAM that haa both taadom aeea« VQ 
ind sthal access UO capabilldes [Yamasucbt 3:1-3; 7:3-9]. The 
nndom access and scrtal pans lOl ... 103. SlOt ... SIO 3 and ta^nss 
Ibtas AO ... At an providBd to allow the device to cauieo o an 
eatemal bin. Ibc RAH inehda four memory myt M-ARVt ... M- 
ARY4 lYamaguehL 8:10-13). Eacb oienoxy call amy M*ARY) ... 
ARY4 coraprises m*-I word Unea and if^t icu of oomplcmenttry data 
Unci which intertecj at(m*y x {mf) memory cells lYainaguchU 1:17- 
20). The device may be fonacd oa a tlogle chip [Yamaguchl. 7:4-6]. 

4.3.3.1.2. The dual-pon RAM {nchides a timing control clreuli TC that receives a 
QUfflber of external cooffol signals |Yamaguehl. U:10-13: Fig. 1). One 
rich entenu) coairo! signal is an external serial clock signal SC thai Is 
generated off-eltip fYisnaguchi, 18:13-16]. The extonal serial clock 
signal SC Is used to ensure stable synchronhailon or the lerta) ouqnit 
operatiao of (he dual-pon RAM wbh ihe doi rme of a hJgh'fcsalutioo. 

' .■ ••*T Iz^i&iiTils ciit^ai -CRT:iYanaa'is«»r2«:?» I a ji-th; c aie i u al serial • 
ctedt algaal ia therefera a signal of a fixed frequBocy linked to the del 
nte of die eatemal C^T. 

4.3.2.U. The thninu eontiol cinuit mcludes a counter rircait CTR fYamaguthi. 

I9:I2-15|. A eeuBUr is > ngitttr that b capable of Inovmesiing or 
decKmenliBg Has vahic it csniabii. MAiry mta-oproeessor bdenal 
reglssera, Ineladlng program cottmsr (PC) and aecamalater (AC) 
rcgiiiera are also counters of thii kind As oltcruativ* arrangement is 
discussed In which b icglsiBr latches the coast vakie aad a cotmi-op 
counter is used to count from xarp until ia output mafches the value ia 
die rcslster fYunigvchi, 38; 19-29; I], la the pztibrcd embodiment, the 
counrer of Yamagucht b loaded with a vbIoc prcaenicd on the parallel 
VO lines TOl ... 104 en the hlllag edge of tha row addreas it»be 
slgaal RAS\ [YamagoeU. 21:12-17; 29:8-111. Qkc leaded wtth ibis 
valac. the counur eirctth covnta down to aero m lynchnmlsm with an 
latemal etodi signal, the coumer advaneiog timing signal 
(Ysnaguchl 31: 1 1-33:3). This tnremai clock signal ^ is generated by 
ihe clnili\g eonirol circnb TC firmi, and has the acme frequency u« tW 
aaiBfnal serfal eleck signal SC. It li merely a tUgbdy delayed venioo of 
die enenal serial cleeli ai^al SC owing to the gate delays of lovenen 
>ll and K2 lod die AND gate aC2 of the timing eontrel circuit TC 
(Yamagaehi. 23:1-14, I A 3). The ovefall result b that dtt cointer 
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cimiU CTR esuntt ctock cycio of ibe nttmol sexUI dock signal SC 
preinscuchl. 19:12-15). 

As will be desexibcd below,, ihe counter cficuil U oied 10 delay Itn 
'aidpitf of lertt) dus by • mtmber of elosk-cyel6 cciTGipimtftrii to Itu 
vahic tosdcd Into the eoomir elreolt CTH'CYiniiciicM, 27: 19-31). 



4JJ.I.4. 



. Jh Kcordtsee whh 0 fuiiher mtrnul clock ilptal the serttl ^ 

circuit Istcha th« dats pcMswd t)' d&tt reslncrv DRl ... DJU oe 
coBplcnMivy data lioa CDS I ... CDS4 10 tiu seriBi data rmes SIO} 
... 5)04 and heoco m to cxwnul ba pTunagpcbL 19:17.191. Clock 
si(pM] 4e ii synchnmlitd lo cxunal teris) eleck fifna) SC ryttttgocht. 
26:17-19). Ailcr the 6x9t trBfuibon of Ibe lisoful clock iignxl It b 
•1*0 used to shift t shift tcsJsser of ■ poimgi PNT chat poiaa co the 
cuntat posliloa Ja tlie data regixten DR] ... 0R4, (hut ecceiamg die 
aexi data 10 the dsta rcgfitcra DRl ... DM fYajaatuehv 26: 19*37:7]. 
Data ti output lo accurate lysehroay with the externa) serlaJ dock 
signal SC on^ once an tattamal tvobe ilgnal gentrattd when die 
coonter CTR reaebei to leffo, haa been usMted. 

4.3.2. 1.6. The seHaJ VO cfrcvli drivet data piescated en tbe eonpleoieanry data 
Bnn CDSl ... CDS4 10 the icriat data thts StOl ... S104 Is 
sccordisco with iht buernal clock ilgnd ffe. Ons or other edge must bo 
used lo control STO. f*t 3 abows that die ou^vt data cransttions oa tbc 
rising edge of ^ aad on the ristng adgc ofthe seriaJ clock slgoftl SC 

4.^.2. i .7. As explained above, die oumber of dadc tyek ddaya inbndnced bito a 
serial read operasloo by tha counter nrcuit CTK ia etjual lo the value 
ttored H during the read requtsL Tba: value con be between 0 and 15. 
Tbe value stored u dweferc represcntstive of one of e plunUty of 
dlfEbcnt delay dmes. 

4.3 J J. GlgflBIt Logte, 1989 GaAt fC Data Book A Pcstgtier'f Colder A9pt$t 
1989, 1 2C0 14 2S6X4-8II Reelatervd 5eir-Ttmed SRAM (*GllEaBil*0 



4J.2J1.I. 



Ctgabit deser{bes'a^236x4^bit sialic RAM fbbrketMl tuLog Gallium 
AnenMe (CaAi) eechnology CThe 1ZC014-). The I2C014 is e leir- 
timed SRAM C'STRAM"). nmnins at a fixed frequency of 400 MHZ. 
Tbe cbek eyde b (barefbrc 3 J na. Tho 12C0U STRAM baa 
diflbnrtia] eloch iapub CLX end CLK\, as shown In the block diapam 
OD page 2-3. Th: differential clock Inpuu eonnact to an ou^ul clock 
generator hioctlona] block, whkb nuat bchidc dock receiver ctrcuhry 
10 reccNt the dlffenatlal dock tapuo. 



4ja2j. 



4J.2JJ. 



Ibe 120014 b e i«4 mcotery. with four eutpiii driven (QO-QS) 
eutputtmg data omo the but in feipeasa to a reed n^K. Tbo output b 
iliOy regbvred (double btcb) as ahowa in (be block dta^fua on po^ 2« 
3. ITie output register b decked synchronously to the esrtemal dock via 
Che agBwy of die output c^pck generator that generates an ioteratt dodi 
from the complemeatao' clock lopuis CUC and CLKV Hence, die 
0U9UI operation is done synchroaouily wtib rcapeei to (he cxiemal 
dock: 

Tha I3Q0I4 hu throe ociput modes, oamoiy Ureb mode, rcKi«tct mode 
tod (nusp^reni i&ode. TTic traosparcnt mode is asynchronou) (jinilar 10 
coavcational SRAMs>' Botft the latched mode aad rtgUt^r mods ut 
dedted. In regbter moda. memory access caka place during Ibe cM 
cydo bi which ike read request b reeci'ved. Valid output data b 
presented Co die on-ch|p output driven. At the next rising edge of the 
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elock itgniL U. » ftiU 15 nt clock eycit after the read request It. 
mctvcd. chis lUta Is loaded into Oie ouipui driven and jtroipagaiet to 
iho data oaipot ptiu, and hrgec the bus. when H b held fdr a full eytle. 
^ti is shown and described in the dninf dlafram on pifiD3<4. 

- . 4.1.2.14. _ la l?!di-fr.?^te, ir.rwjrv sscsss &s&ia taka pUee durteg ibe stesk cycU 

'la crhleh the read rvqnast b wealved Valid emput daa b pfeseated to 
the on-ehip ooiput dnven. Kowevar, (hate (trivuiB ira drivaa . 

nnspaKiU « the UKiif ed£e of the clack algnal ^ ajlerw waJid data to 
appear on the daa output plas, and hence od cfaa biit« is toon as 
poMlble. The duty cycle of the clock b chujed 10 thai the blUni cdgt 
anlns after leas thao ose half dock eycla. The outpol driven wn 
' . driven omnt parent at this ftlTing cd^e aad latched ai Sm mocI rbni£ edge 
tp hold dots over to 6t fidUag tdg* of the aeia clock eycto. Thti b 
shown and described in the thntag dlagnm on pag* 3*T. 

4.3.2.i3. The outpOT taodo b propuntned by appfyhg one of three signal leveb 
to a MODE pin, as doaibod on page 2-<4. Vu Icvct fives icgbto- 
mod«, Vdd gives Utch laode aad Vee gives trmnspircnt mode. The 
oiodc pin signal b received in tbe ouiput eleek generator wberv it fflusl 
be decoded. Tho cbcuitry ihsl dmdes the node ipb aigaal aad 
' produces Oe decoded togted oinpms Is prograaauble natll the mode 
pin ii connected nd tbsnatatr oiRpuis the value prosnunmed imo h. 
The value prograimned inio thb ngitter d ftanti l nei the 0U9UI mode 
and. in particotar. A« output dcby. 

4.}JtZ6. As dbcussed above, (a register mode, data output cakes pbsn on the 
rising edge of ite Intsmai clock, which b syndirtmbed whfa the 
MtETTuI clock signal CUC Tht fig. 00 page 2-3 tocludes as "Output 
Qock Generator.*' which generates inteffial dock sigpais from CLX and 
CLKV Tbese intertul dock s|gnAli drive the oiiiput register. In register 
raodc daia b ^ivca onto the bus at dM rbiog edge of ibe iatcraal cbcL 
ilcml 

4.3.2^.7. As discussed above, the vahie progrenuned into the eoceis-timc register 
detcRDdies (he output tnode asd, ta ptrtlcular. the ouqnit delay. Tt U 

J^>.V%c:^^h . 4i«9!Kapi... i^^^«3r5ff.^:5-tK•a•-^l^ryI^!^^^^^^^ - . icppcismaiive of one af 6 plursltiy of difTcrcntddsyiiS^^ 

4.1.2.3. US f aicot tic 4^99^6, Issued February U, L985 C'CeniBa") 

O^J.l. Oemma describes, a pTOcessw<based SCU that tnieT&ees with a main 
oiemory inchidins a piuraJiiy of mcmoty eetU anuged as one or ouiro 
memory arrays (Oerama, y.6s\. The mttnory amiys may be in a nuaaber 
of coaliguraitons (Oenuna. 6 Ji«33). The SCV mdudes a oonmsllar 17 
that ccesivcs adeckafgaal Tssynchmmsed wttfi the processor flEtaehiae 
cycle (OciimM. 4:26-39; Fli 2). Tbb b recehfed by Am> gates 29 and 
34 whhla Che coiktroller ] 7. rBOiof eonffol slpiab that drive a ooaaficr 
.25 aie g enoated froro the dodt dgnal T« fCeBuna. Fig. 2). 

4.3.3J.2. The SCU 17 rcceiva loeatoiy letolcd (nstmctiofis Ihom a eunent 
fatstnieiion register via a signal line 101 oader the control of aA 
exeeuiloa uah. COanol laiiBnMtioe is tent to the SCU from the 
cuctttiaa uiul via a signal line 102. The connof lafonnatioa determines 
die "type of main mcnwry aeoess. thai b. read (FEX Oil) wrUe (ST) aad 
parda] writ* (PST)*' (Oemma. 3:10-17}. The generation of a mam . 
tnemoiy access Itart slgnti (£X) (b&t is sent to the main menwy b 
desoilcd. The sigoai has a pube width predetermmcd by ifki tLvaiag of 
timing signta To aad Tt (Gemma. 3:IMI]. Subse^eody. the SCU 19 
sends a GFDR stgaal to the OMia memory on si^l line 19 lo iasnet 
(he mala fnoDOry to lend rodaui diB to a data btti US and sends an 
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ADV srgnni to ihe proccuAf on tf^ Une 120 lo fautrud i md data 
nglner in tht procesMr lo read die dita on mft data tal IIS (Comma. 
3:S2>3^. Tic content ot die nad data rasuter Is tent lo ths axecvtlon 
imb 3 via a dap bui 123 [Ccmma. 3:38«^]. h li implkii in ihc 

_f»gul wi nciu_tbr d» majp_ii nre My_w r espcad to_ib« GFDR itgnal Uut 

^ the main maamy incUidca flnnpis dritftra duti respond lo dio algaiL 

These output driven oiit|nir data onio die data bus I It. 

. 4.3 JJ J. The SCU {neludes a cenffoUer 13, which It iho%vn in detail fai Tig. 2. 

The eontDller 13 has '^of^gursxioo regtster* 20 and 2t which letain 
ldeBtl6catiao fk^ fiir dw machtoa eyeb of ihc pwcsjar «ad 
tdpntificBtion Qasi concemifig die aceeu dmc of die mala memory 
celU. nspectivel/* [Genma» 3:6)-d5]i As deaaibed, die coidroUer 
iaclttdex couater 25 for oeuniinc aa elapsed tlmo afiff die ti 
of a prodeterDlfiad pulio ividdi has been prpduced, a decoder 26 for 
deeodio^ die count ef the eoonter 2i« a eooirol orcdl 27 for producing 
the titJiaU CPOR aod ADV ... based on dio o uipm of cfae decoder 36** 
(Cemna, 4:4. 10), Therefore, die itmlng of the CTDR and ADV signals ' 
H deteiBtlfied with refotnee to the start of (he count of (he counter. The 
eotttt b befun wltti reference to die EX slpaal that has a predsicmiined 
pulse width ICemmL 3:3MI]. The coisKer coium acconltag to the 
clock tieaal Ti syoehfonlicd with die maehtnf cyclat (<3«inma, 4-j$. 
■. 35]. 

4.3JL3.4. The cenftguradon res'isters 20 and 21 of the coatroUer 13 ore inttlallsed 
to cofvtaio one of three mtehmc cycle identificatton flags and one of 
three mab memory IdeaxlilcaiiQn fli^s (Gemma. 4:11-17). The output, 
from the conflgomloa regiuers 20 aaid 2t «r« >uppUed to iha cantopl 
ctreah 22 vIa eignBl lines 200 aiid 201 [Oemraa, 4:23>23]. The counter 
23 U reset La response lo the mcmoiy jigoal EX bcuijs low [Oemina, 
4:32*331. The output of ttie eottotei, reptesendat A aumber b binary 
form. 20-23. is fed 10 a decoder 26 (Gcfmn^ 4:33-38). 

<.3^J.5. According to Gemma, **the relation between the eombtoatloiu of the 
idcQDBeaiioa flagj mi 0i"I->3) and the (j*l-3) and the sand timrnis 
. _^ . - of dK^aJgeab OFDR, .♦-DV.aal B?X^^ TV icod Uole;. fz a u p i es rrtc**. 
- '^ty'ttiB^cetindP^CI^^M »nw»her of machlao cycle counted after the 
sJ^flol £X hai bees produced. Those counts are predetomincd based on 
the feeponso pofenoBAeB of du proeenor and the notfi memory, i.e. 
based OB the cootetRS of the coafigunrloa refers [Oemaa, 4:53 >60}. 
The foUowing exaasple of the Umlng b given: *whcn the identiBeab'oa 
ilap mi aod U| are sot to '^l"*, respeciively, die signal OFDK b sent ai 
the limloK C sad Cm tlsoal ADV h •era « thm dmias Ct»r (Oamnu, 
4:6043]. Thtu. cnca die £X signal has been produced, diat ii, once die 
Demory has been bsvvaed to execute a read, the siKaal CFDR b tent 
ID the memory to fsitniet ft to output die result of the f«ad at a Hme of 
C «Mch b BM«4urrd b tentu of fflaeUee eyelet of die proccuor. tfic 
oumbcr be big determined by th e eoniants of the conftgumJon rvgiisten. 
Having bsued the signal OTDTt. the controller then issues the lignsl 
ADV it a dmc of CWi to tastiua the read data regbtcr 10 read die output 
from the ncniBiy. 

'4J.3J.C. As discussed above, die timtas signal Ta b synehroaotts with die 
mieUae eyebs. When sfsaaJ EX goea Wgh, AND g;Me 34 dataeb ihc 
rising edge of Hgnal T|. Thus, counter 25, and decoder 26 cfaaage state 
ea the riilng edge of Tj. C inBiitions ftora low to high [Oemm\ 4:41- 
44). The aamft \*^ill.hacpea with C»*,-C|-*. Data selectbg circcitt 22- 
sebe^ accordiog to die input s0-<«4, one of die si^ali Q-CU tpplbd 
to iapul termlnab d<M4. The dsa selectisg eipcuhs reproduce the 
selected si^l at a correspondbtfi oatpui unaioal (Gemma 5:48-53]. 
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Uhleu the data lekeUng eimrits m eoabledL the empuu tn nro 
(GeiamB 5:«M2J. 

4 J JJ.7. TKu, the mnpiK "iT «f a data tdeetinf etreuit roOeett the cute gf a 

cofrtspflndm$ lelcciri tnput. Ci«t-<€iH. Smfic.ibe.it^ab . . _ 

posttlVB golag and the dUtbioJ ouiput of die lelecdag clneuUt is xao, 
the ouipati V* an alio pasUlve (Oioj ia raponsc to a n'sing cd^ of 
Ti. vUcb U b Dim fynchroaucd to sa cxtemi) dock. Die iisnd 
GFDR, whtch conm^i the OQipin ofdie dsu irom dM read dia reglner. 
tf dcrivod torn die lecend data lelecting cireoit do. 

4 J J. Tha inltiBlUadon of the con flguratioji icgUten 20 and 2 1 is desortbcd as 
fbllowi. lo the mhialisstjon of the processor, ooc of tbt IdeoUneation 
fla^ Dt-«H and on* of At IdeatUteation fUgi U|-.<it arv set lo "W 
. Tb< openltoa may b« cairitd out by a kftowu tecfaai^Bc. tvcfa u by 
logding 4 fnlcroprogim Imo die conind mciDory during tho 
inidaliMlion of the piocesior rOeiBflia, 4:9-23}. 

4.]^3.Q. The valuet, m|-tn) and taiH%» xtond b the eooDsunilon cMifol 
regltlert eleiHy control dia tnning of dM ootput lignab. Tbe vnloe 
noied In dw progismioable oceea* dma ragisur i> neprsatmadva of one 
of a phirality of different delay dmei. 

4J^2A. Japaaesi ?atcnt AppJtcBtios 5bo 61-)8S353» Publtshed Janoary 31. 
1989, aod Eflgltsb Traailattoo CKumagtiO 

Kumagai dltdoMi 4 maio songe imh MS 4 that iochides RAM 
menioty onays JIAMO. IlAMl. fL\M3. ltAM3 IKumaga!. T'tg. 1 ] . The 
tnemory device iMS 4 Js ctockecl tay u exief&al cJock lource J. Thai 
dock source is tt least eommon to dtt inemofy device MS 4 and the 

manory eoniroiler SCV, It ia a fliced frequency clock fKuTnigal. Fifl. 
4]. The clock b osed d clock aU ihe latsOces of MS 4 which aie ill 
latched' coauBaBd/addreas buffet MRQ 3Ql foipui data MSD 31 and 
output dai& MFD 30 [Kvnagal. 4:1-22). the cbtnlny w lecehre the 
external clock fs ooi specified In Komagai. bta h Tiinst eiriso and can 

4.3.2.4.x The control tmlt of memoiy davUe MS 4. MCR SI, cooaioa the dock 
counnrr clrctdfry ahonrvn in Fig. 3. Ths circuitry' includes leiehes CO ... 
C3. These laichsi stoic a vahte Kxprescntaiiva of a number of clack 
cjfcles of the cxtonial clock» wUch Js iitput to die clrculizy at 3)d (clock 
TO). Ths combfaatlon of blocks 300. 30U 311 atid 319 of Fig. 3 la a 
clock coureer dice would &lgnal (see (nprn n block 1 02) whea the clock 
catmt reaches d^e delay vshie stored In latches C0-C3. That signal then 
b wed to erifcar CAS\ (through tha dock phase selccUon circuitry 102, 
}03. 304 aad 305). Henc«. data to. RAMO-3 b acceued oely after Che 
munibcr of cbck cycles atortd in CO^ hu transpired. The date i$ then 
lent to the toeiDory output latch KLFD 30 to be output at 0 clock edge to 
Out requesting device SCU 3 [KumaBel, 5.'IO-27]. Latches C0-C3 are 
progrunnxahle la die fcsu dial they hoM whaiever vaJues wm read 
bno ihem. Becaosa Ct>-C3 are pait of MCR 51. «tieh b pntf^nmatd 
by SCU 3 via MRQ 20. COO an prerwnnabte by die SCU 3 via dot 
kncfftca. 

4.3J.4.3. each of the synchranous Imerftcca o die CBcnoir device MS 4 of 
Xuoiical oamcty (he comnand/adtes.intcr&ce at MRQ 20. die tnpoi 
dMB sBierftee at MSO 31 c.d ths cuipt:t daxa {nter^e-MPD-30 ctn; 
cad) he one or many hta wide. That outpm operation b la r esp onse to Q 
read reqoest from SCU 3 via coswaad imerftce MRQ 20 {Kianagai. 
4 J2pi:2). Tbe outpm opemion Is delayed mnll after a speclded number 
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of dock cycles h«3 irvupirtd. lla ouipttt optrttlon U tyncbronous 
wftfifMpcaifidumcnsiJdockbetsoM KffDjOlji Uoh. . 

4J.2.M. Aschovm mFig. 3 isd4ofKo3UgiL thcmcviory dcvic* MS 4caBbe 
progRBUBcd Co output dnu at any one of taar yduisei of chs uiKfiial 
clodc The phase rtsmber vatuff b floftd in latches TO-T) QIO^JIS). 
Ooe of ihoic four viBloss (e.f 3 ost of • 6-3 noge) eontspeadi ts « 
lynchroDOtts ootpw (bit is syBchmlsed vriib reipect to a risbiff cdst of 
fhe extmd cbdcsig&AL 

4J.3.4.5. The value for ucasi time In Kumagid U sortd ia latehei C0-C3. 

Lflxchei are devteei chat hold vabci eloeked in after power b applied. 
TTie Istchfls COO are progmomed via die eomtnand mtaiftca MRQ 
20. In moat cam, it would be done ooee afid for alt afiar power ap, ' 
because In a gl^ca jystem the mfmery aecesa liase aod proeesior 
michine qcle wiU hoc chongei This amounti to prograrvmini duriog aa 
hiUalisatiofl lequence of the memory device follewfaig power op. The 
latc>«H C0*C3 of KunagaLl allow Ut\a difEerent acccu timea to be 
progrwivned iitio the memory devke MS 4 pCuiuagat S:27, Pig. 3: 
btoebJ00.3tg.3)»and3l4). 

O.3. Delaj Locked Loop (clatisi 14 aod 16) 

4 J J.I. M Ste priority due of tbe Paceot, DLU were commoa gcaciit knowledge. 

OLU enable regularly eyelic digital sfgnali at the sane freqneoQf to be 
jyBCbrofiised with one aaofher. . 

4J.3.2. UK fateac Applicatton CM197^, Fablbhed May 18. 1988 
CLofiTw*) 

4j.3a.l. Lofgren describes a digital phase loeked loop cimut (DLL) CLofjgren, 
abscrectj. One principal epplication of the DLL deacribed b to provide 
'Optimum Ufliing for comnil of high speed dynamic RAM devices* 
P^fgren, I;M-I8]. Loffftn discloses tbc Bit of (wo tdeoUciJ delay 
lino. One delay Ime 13 U elodced by a local oidttator 20 aad ttsed to 
ealtbraie the DLL. Th£ otbo- delay line tfl \t used to provide au 
inr -r=.^ ..^^ d»ia)'.to «tt inpui.aiQBiJ (LoiVen. I:l3p^r5j.-*' * T:- * - _^.»-r- .:?-r.'-x*a— ^ • n^fSiSjej;. 

4J J.2.Z Each delay line 13. 18 eoasbcs of ploral delay eteoietus Ol tba amoiott 
of delay iatroduecd by each of whieb being eon^Ilfd by tbe level of 
two cantml lignals VC?, VCV, genersled by a charge pump 16 in 
jtipease lo phase errors detected in the fhit detay Ihia 13 [Lofgrai, 
]:7t-ll4; 4:33-33: 4:62^8; iM-^S^ The ifolay bmodiiead by tha Oral 
delay' lina 12 b viHed uatil it b exaedy one period of the beaJ 
osdOiior 20 [Lotgreo, 4:104-106). Idesuicftl ceDtro) sisnab are (hen 
applied to tha second detay IIab 18. It b then knowo that eaeb of the n 
delay elemenu D. la tbe second delay line 18 wIQ iittroduee a delay of 
one if^ of chs period of tha local osellbnr. Tita aeeoad daliiy Unc b a 
multi^ Uoe. allowlog ooe of ■ pbnUiy of delays lo be selectsd 
(Ufgreti. 2:5-13]. 

4 J J J. ICEE Joorael of Selld Stole Clreulli. VoL 34. No. I. Pabrosry **An 
Oe*Cblp Sman Memory for a Data-Flow CPU" ("Ufta{barttn» ai 
EaenpU^ag Cemoioa CeBoral Koowfedge 

4.3.3.3.L Uvleghan describes a high perfonnanec lubitrate CPU dias has in 
embedded smart memory of the type kaowa as a **re8]sttr aKai table'* 
C'RA'P). T^r'RAT~b a ciultl-porr amfioni.«dtfreitahia meaiory 
supponbg bnmch prcdtctioo and exceptioa handUo^. Ao cxperiraesia) 
1240 bil RAT b described (Uvtesiun. abnnct). ttt RAT it a 
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syncbro&on DRAM (Uvleghan. Fls. i] having a block read modi 

4J J The Rat ttK3 a PUL-bascd clock teaenuK oorchlp ruvk^ttfra. Fig. 
^ . iJ: isd.p. 9Z "AU clocks ire gcaoatcd by .t. ^ PLL-based. clock 



03.4. US Utnn No. 4,<3''.0I8, Isiucd Ja&Baiy U. mr. rFtorB*)i u 
SsssipQfyInc ConpiMi GcMmfGiawMgt 

4 J J.4.t. Flora duclosei a DLL due ii 4cilp»4 to synchrouiu outpuu of b 
dimihutffd eloek driver eirettit with n »eetntsly dcbyed ucttmal 
clock tioDat tFlon» 3:6-16]. As At davict b a clock dkxribuiion 
syttcm, exact syBchroaistUoD with (he cKtemal deck tipid b not 
csscndal. but lynchroniMloo of ihe oitspm of wvenl cbi^ whh each 
aiher b (FlofaL 3:23-2l|. For (his reason (ha caisml cloek ilgnal 
recefvint Ifna it biAuotel 0»e branch it sabjeei lo an aeeurue delay 
and (he ether Includes a mutti'Ctp delay Uae iottodudng e vsritble 
delsy (6 ibe cbek driver ebculL The ouiptia of the clock driver 
circuitry are synchroniied to the delayed exteraa) clock (Fbra, 3:60' 
68]. However, If aceuiaia phase lyndironbatkm with the onereAf cbck 
wbc requiicd, (be delay IIac \rould be renovod. or rc-lniroduced ta die 
sanie biaacb as the variable delay to five an accurate delay of juit ihon 
of ooe clock cycle, to this iny. die ourpms of ihe chick driver dreuhiy 
wotttd be Bccaratety synchnmised to the external clock. This ell results 
from the appUcailoo of common general koowlcdgo as the priority date. 

4J.3J. Japaaeaa Patent Appltcadoa JP-A-Oi.384132, puDllahed Itovtabar 1S» 
1989. and Eagltah TraoslailoB O^Xoniel'*)* as EzemplUjrlng CoBmoa 
General Xneivledet 

Kosusi' dUctoses a digital phase locked loop (OPLL) that la used for 
jyftchraaiilAg (he Itnenol read' clock 3 (docking the ou^ta) of o 
memory device 1 to its iatemal write eloek 2 (clockaig the inpnQ. Tbe 
muiw uf y write cloek 1 u hxelf geaenied from «n axttmaJ clock. 

iJJ.6. Motorola MCB8300 Cache/Mciaory MaosgCDcot Uoli User's MaaoaU 
Pabllibcd tysSt as £i«aptliy(ng Cemmea Caneral Kaoirlcdge 
rMC88200") 

4 J. 34.1. Tte MC8l20d Is a sincU tWtp tynehronous dtviea ttiat contains Mgh^ ' 
Speed cache memory. The MC8B300 has a large aumber of ttiv>cbifv 
f^amtealiy progremmablc ecnflgurailon reglsten, as shotm In cibia !• 
I. The device geaeraset oixhip all tmereai tlalag tlgoalf fron an 
cuena) dock signal OX The MC88200 taicraal eloek is aonally 
phase loeked to the extBTMl cbek signal cue in errisr ID miiitiiiis* tfi« 
Skew beiweenibe external and InterBal slgsala (MCfgaOO, page 4^ 

4.3 tt was obriously dotrabte on ibe priority due of the Patent that iaUnial 

device clock signals sboold be syaduoabed as closely as possible with the 
external clock aignaJ. 

4.3.J.L l^e oVeelive probln le ho solved by a devic« sccordiag to graaied claims 
14 or 16 is thi provjaton of more accimttly tynchniniscd iaicmal clodc 
ftignalL tbls problem Is solved by aitng a DLL as woold have been well 
known to a penoD skilled ifi die an ar the priority da». 

4JJ.9. Itfbllow) thai the labjed-meOsr efelaimi U end 16 is obvious. 
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4:i A Oofll iBienil docks (Claim 1^ 

- 0;4. 1 . US Patent 4cS80»738. PQbUsbed Jol/ 14, rTao'*) 

4JaI*I. Ton tfUdoses a mamory devtea thai cm opeiaa bv a eonvcodantl 
Mcen mflde and a htsb ipMd tequada! (blo^ nods C^im, abstract). 
To frcfifise tha bigh ipced sequential wodo, (ht mamory b otKBsilted 
bfiO iw9 amy* CT^n* '1* A H}wwe iatOTBal clock t« dcrhcd for 
each tiny (CKU* CKR) ftvm ua excesal cbck sicnij CK. Tte two 
bicnial elocki an 180* out of pfaaie with- on« aoodier CTvn. Fig. 3; 
3:63^:5 «m«i]. 

4J.4X US PaiMt 4330,851, PnbUsM May 18, 19B1 riUdvrioi'O 

4.3.4^1. Rcdwine discloses a serial lapm/eutput monaiy device ia which die 
inpui/ovipia is perfomwd fa) nain of 254 bH» picdwln^ absBBci: Fi^ 
I]. To faicmsa ifce lerial acent speel ^ mtnary a orginited bte 
two affiy^ pUdwma^ f'tf, I). A septraia buemal ebek H 

dorfved tor each amy (<P): ^) fton aa extcrvat dock iIsbsI ^> Tlw 
two imemal clocks an ISO* ooc of phase wfch one aaoifaer (RcdwfDi. 
4:82-64; Fig. 3). Ttus, Ae monoiy device b ible io our put lenil' dta 
via output multiplaxer 76 ai twice Ihc elaek rata of d» enefnal clack 0 
ptidwloe, 7:17-24]. 
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Transmitted herewith under 37 c.F.R. SI. 53(d) Is a Continued 
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( ] h check payable to the Commissioner of Patents and 
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payment of the Total Filing Fee. 
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of S 710.00 to cover the above fees. A duplicate copy of 
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[XX) The Commissioner is hereby authorized to charge any fees 
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Respectfully submitted. 



Date: January 29, 2001 




Reg. No. 34,735 
650-947-5325 
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m TB£ UNITED STATES 


PATENT AMD TRADEMARK OFFICE 


(Case No. 


P043D2C3C) 




In the AppXic^ition o£: 




.. ) 




rARMHA.LO et al. 














Group 


Serial No: 09/492,982 






Art Unit: 2818 


Filed-: 27, 2000 




) 


Before 






) 


Examlaex: T. Nguyen 


Title: METHOD OF OPERATING A 


MEMORY ) 




device: having a variable 


DATA ) 




INPUT LENGTH 




). 





Deputy Afifiistant Coitoniesloner . 

for Patent Policy and Projects 
Washington, 02 20231 



Attention: 0£fice ot Petitions 



FAX RECEIVED 
PErmONSOFHCE . 



PETZTZOM mnnm 37 C.F.R. si. 313(b)(5) FOR KtraORAWIU. FROM 
ZSSCT 80 THAT ZNTOIOOITZON CAN BE COHSISERfiD ZN A 
COWTiwogp PttOfigenTTflW Aiiot.T««PTnKf 



Dear Sir: 

Applicants t herelsy petition for withdrawal of the above- identified 
.application under 37 C.F.R. ' §1 .313 (b) (5) . so that an Information 
Disclosure Statement may be considered in a Continued Prosecution 
Application (CPA) . The above identified application has been allowed 
and the issue fee has been paid. Recently, several documents have been 
identified in a Notice of Opposition, to European Patent 1 004 95.6, 
which includes claims that are simllar to claims in the parent patent, 
(i.e.. U.S. Patent 6.034.918} of the instant application. 

Since the voluminous nature of Information Disclosure Statement 
( "IDS' ) and documents cited therein makes its submission by facsimile 
ingpractical. & uuu of the IDS is attached hereto and the o r i g inal IDS 



900 



sneNvs 
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and documents cited therein are being filed by First Class Mail 
concurrently herewith. 

Applicants harstey-aut^oriie charging deposit account no. 50-0999 
the 6130.0Q petition fee under 37 C.F.R. Sl.l'7(i) . Zf there are any 
further charges associated with this submission; please charge deposit 
account no. 50"099B. 



Respectfully submitted. 



Date: January 29. 2001 




Rog. No. 34,735 
650-947-5325 
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ZH TBE OMZTED STATES SATENT AND TKADEMARR OFFXCB 
(Case Mo. P043D2C3C) 
In the Application o^: ) 



FARKHAl^D et al. 
serial No: 09/492,902 
Filed: JANUARY 21, 2000 



> 

) Gsroup - - 

) Act anlt:2818 

) 



) Before 
) Examiner: T. Nguyen 
Title: METHOD OF OPEBATXKG A MEMORY ) 
DEVICE HAVING A VARIABLE DATA ) 
INPUT LENGTH ) 



BoxO'A 

DATE: 
TO: 

FAX NUMBER: 



rACSyMJLE COVER SHPET 

January 30, 2001 
OfDce of Fedfiioiis 
703-308-6916 



FAX RECEIVED 

JAN 3 0 2001 
PETmONS OFFICE 



NO. OF PAGES: /O oiL^MctL 



Attached is a petition under 37 CFR l.313(b)(S)« along witli a 37 CFR I .S3(d) (CPA) application, 

I hereby certify that the attached: 

1 . Triinsmittat-Requcst for a Continued rxosecution Application (CPA) 
(2 pages in duplicate) 

2. Petition under 37CFRl3l3(b)(5)ForW)thdnwa1FrTmiIssiieSoThatlDfonnati'm 
Can Be Considered in an Information Disclosure Statement 

(2 pages in duplicate 4* 2 page anacSuDcnt) 

arcbebg&csimiletransinittedto the United States Patent BndTTadeinarkOStce(FaxNo.703-308-6916) 
on January 30, 2001 in the above*rcferenced appUcatioa 

Respectfully submitted. 



Joe 0. Moniz 
650-947-5336 



100(g) 



SriBRVM 
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UNITED States Patent and trademark OmcE 




Paper No. 16 



MEIL A. STEIMBERlS, ESQ. 
RAMBUS INC. 
4440 EL CAMXNO REAL . 
LOS ALTOS, CA 94022 



COPY MAILED 



MAR 0 2 2001 



In re Application of 
Michael Farmwald et al 
Application No. 09/492,982 



OFFICE OF PETmONS 



ON PETITION 



Filed: January 27, 2000 
Attorney Docket No. P043D2C3C 



This is a decision on the petition under 37 CFR 1.313(b)(5), 
filed January 30, 2001, which is being treated as a petition 
under 37 CFR 1, 313(c) (3) to withdraw the above-identified 
application from issue after payment of the issue fee. ge^ 1233 
Official Gazette 54 (April 11, 2000). 

The petition is GRANTED. 

The above-identified application is hereby withdrawn from issue 
in favor of a continued prosecution application (CPA) under 37 
CFR 1.53(d) . 

Petitioner is advised that the issue fee paid on Deeemher 
12, 2000 in the parent application is not refundlable nor can 
it be appliBd towards any new l^otiee of Allovanee which may 
issue on the CPA filed January 30, 2001* 

Telephone inquiries should be directed to the undersigned at 
(703) 305-8680. 

The application is being forwarded to Technology Center AU 2818 
for processing of the CPA. 




Petitions Examiner 
Office of Petitions 
Office of the Deputy Commissioner 



for Patent Examination Policy 
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ZN TBB UNITED STATES PATiaiT AND TRADSMARK OTTZCE ^ HI 

(Case No. »043D2C3C) G 



Title: METHOD 01^ OPERATiKG A MEMORY ) ?^mdjmMiKVfiAto9«^v£, 



ntlllB f ulfi l WAtimOJ II B|M lE«> 




Washington, DC 20231 



ZNFORHATZOII DZ8CX/>SUIIE STATSCHBNT 



Dear Sir: 

In conpliance with the duty of disclosure set forth in 37 C.F,R. 
SI . 56, suhndtted herewith is a modified Form PTO-1449 , including a copy 
of all o£ the documents listed therein. An English translation has 
been obtained for one o£ the references and a copy of this translation 
is enclosed herewith. 

Some of the references listed in the P,TP-:1449 have. app.ea,^(»a in a 
coirniuni cation from a foreign patent office in a related foreign 
application. A copy of that communication along with an English 
translation is also enclosed herewith. 

It is respectfully requested that the Examiner make his 
consideration of the reference formally of record with the next Action. 
The Commissioner is hereby authorized to charge any fees Which may be 
required in connection with this submission to Deposit Account No. SO* 
0998 . A duplicate copy of this document is enclosed. 

Respectfully submitted, 



Date: 



2001 




Neil A. Steinberg 
Reg. No. 34.735 
650-947-5325 



863 FH 



i 

-J 



rrO-1449 (Modified) 

U.S. DEPARTMEhrr OF COMMERCE 
PATENT AND TRADEMARK OFFICE 

INFORMATION DISCLOSURE 
STATEMEhfT 
BYAPPU-CANT 


.ATTY. DOCKET NO. 
P043D2C3C 


SERIAL NUMBER 
09/492^82 


APPUCANT(S) 

FARMWALDETAJL 


nUNCDATE 

JANUARY 27, 2000 


GROUP ART UNIT 
2818 



vs. FATCWT DOgJMtNTS 





DOCUMENT 


DATE 


HAM£ 

Klnft«»«l: 


CLASS 


SUB 
CLASS 


nuNc 

DATE 




S,034.»54 


Jul. 23. 1991 


















EXAMINCR 
IWTIAL 


DOCUMIKT 


DATE 


COUKTRY 


CLASS 


SUB 
CLASS 






SHO 58-IS'2t54 


Nov. 9.1983 


J&pan 






NO 








SH063-3';795 


Feb. 15, 1988 


Japan 






HO 








SHO6M074S3 


May 26. 1986 


Japan 






NO 








SHO 63-91766 


April 22. 1988 


Japan 






YES 








SHO 62-1 (i289 


Joo. 24. 1987 


Japan 






HO 






SHO 61060556 


Oct 4, 1986 


Japan 






NO 





OTHER DOCUMEffTS flBdadliit Arthof. Tin*. Pitt. Ptrttoiat Tm, Ete.1 





DATE CONSIDERED OS It'^l^'t 


EXAMINER: liiiiial ciutiaa irreferaxs wai couidcnd 
iMbde copy of fbm wilb next eommniieition 10 


Dnw liM tbioagb aatiea irnoc bi coirfonuBcc lo MPEP 609 md aoi conidEred. 
ipDewit 



663 FH PG 0326 





Ms. Michiko Sites 
RAMBUS INC. 
4440 El Camino Real 
Los Altos, CA 94022 



IN THE UNITED STATES PATENT AND TRADEMARK OFHCE 
(Aity. Docket No. P043D2OC) 

APPLICAKr: FARMWALD ET AL. FILED: JANUARY 27, 2000 

TITLE: METHOD OF OPERATING A MEMORY DEVICE HAVING A 
VARIABLE DATA INPUT LENGTH 

RECEIPT OF THE FOI.L0WING PAPERS IS ACKNOWLEDGED 

. ] . InfonnatioQ Disclosure Statement ( 1 page -^ 1 copy thereof FTO-1449 
(1 pigc)) + REFERENCES 



DATE: MARCH 5,2001 



ATTY:NAS 





IN TBEN 
In the Application of: 
FARMWALD <it al. 
Serial No: 09/49:2,982 
riled: 



;S PATENT AND TRADEMARK OFFICE 
No. P043D2C3C) 



Group 'rx 
Art Unit: 281% 



JANUARY 21, 2000 



Title: METHOD OT OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT LENGTH 



Before *3 
Examinar: T, . Nguyen 



c9 



Assistant Commissioner for Patents 
Washington, DC 20231 

INFORMATION DXSCDOSDRS STATEMENT 

Dear Sir: 

In coitpliance with the duty of disclosure set £orth in 37 C.F.R. 
§1.56, submitted herewith is a modified Form PTO*1449, including a copy 
of all of the documents listed therein. 

The documents listed in the PTO-1449 have been recently identified 
in a pending U.S. District Court For Eastern District of Virginia case, 
namely in RflntaAB XnC« V. Ingineon TeghngJlgqiea A.G. ■ gt . as prior 
art against the inventions claimed in U.S. .Patent,6,.034., 918,..th© pj^r^nt^.^..^^^... 
of the instant application. An explicit reference to these documents 
is made on pages 18-21 in the DEFENDANT INFINEON TECHNOLOGIES AG'S 
FIRST SUPPLEMENTAL RESPONSES TO PLAINTIFF'S INTERROGATORIES NOS. 3, 5 
and 6 (hereinafter the •SUPPLEMENTAL RESPONSE"). A copy of the 
SUPPLEMENTAL RESPONSE is included herewith. 

It is respectfully requested that the Examiner make his 
consideration of these references formally of record with the next 
Action. The Commissioner is hereby authorized to charge any fees which 
may be required in connection with this submission to Deposit Account 
No. ^0-0998 . A duplicate copy of this document is enclosed. 

Respectfully submitted, 



Date: 



2001 




Neil A. Steinberg 
Reg. No. 34,735 
6S0-947-5325 
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PTO-1449 (ModiH 


\fV>^ J 


ATTY. DOCKET NO. 
P043D2C3C 


SERIAL NUMBER 
09/492,982 


U.S. DEPARTMENT OF CXJMMEltCE 










PATENT AND TRADEMARK OFFICE 


APPUCANT(S) 

FARMWALDETAU 






INFORMATION ofsOUOSURE 
STATEMENT 
BYAPPUCANT 


FILING DATE 

JANUARY 27. 2000 


GROUP ART UNIT 
2818 


vs. PATErrr documekts 






DOCUMEKT 
NUMBER 


DA-re 


HAMS 


CLASS 


SUB 
CLASS 


PIUNO 
DATE 






11/13/84 


Jsntoo et 












4.835^4 


OS/30Ai9 


Collins etiL 














03/09/99 


Iyer 




til 








5.179.667 


01/12/99 


Iyer 


m 


ten 










05/1 5y90 


Fujishima et aL 












4^66,099 


01/31/86 














4^03^1 


02/D7/89 


Kelly 




r 








4.S89.IOH 


05/1 3«6 


niliy 












4370^22 


09/36/89 


Arift et ftl 












9.I34J699 


07/3IV92 


Ana CI al. 


If'' 










4378.166 


10/31/89 


JDhnson ct A 












4JUQ.%S 


07/ 1 WW 


rhnnwl el al. 










4.8St.990 


07/3S/89 


johnion d aL 


It a 












KORKICN fATRNT DOCttMRNrR 








EXAMINER 
INITIAL 


DOCUMENT 
' NUMBER 


DATC 


COUNIRY 


CLASS 


SUB 
CLASS 
















1 



EXAMINER " ^C,^^*?^:^i 


DATE CONSIDERED j' / / 7 / 


CXAKilKER: toitiil cttftliQa if rcfcmcc was considered Draw Ime dtfousb cnaiicm if not in cmfonraMc idMPEP409 lad net contidcraL 
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l>TO-1449(M&iiSifiO i 

U.S. DEPARTMENT OF CXJMNffiRCE 
PATENT AW TRADEMARK OFFICE 

INFORMATION DISCLOSURE 
STATEMENT 
BY APPUCVNT 


ATTY. DOCKET NO. 
P043D2C3C 


SERIAL NUMBER 
09/492J982 


APPUCANT(S) 

FARMWALDETAL. 


FILING DATE 

JANUARY 27, 2000 


GROUP ART UNIT 
2818 



VS. fKtSm DOCUMCKTS 





DOCUMEKT 
NUMBER 


DATE 


NAM£ 


CLASS 


SUB 
CLASS 


FIUNO 
DATE 


j'v r 


4,048,673 


09/1 3m 


Hcndrieetal. 




/^^/ 










05/31/68 


Drtwio 












4^35.762 


03/0604 


MilU^ el at. 


7/r 










4,83WI 


06^3/89 . 


Nicely eral. 


7«> 










4.949J0I 


08/14/90 


iothietal. 




LOO 








4.047^46 


09/06/77 


KeHlenevtcb et aL 










5.029.124 


07/02/91 


Uihy a al. 








f »/ * 


4.625307 


1 1/23/86 


Tutpule et tl. 












FO 


R£ICN PATENT DOCUMENTS 


EXAMINER 


DOCUMENT 
NUMBER 


DATE 
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CLASS 


SUB 
CLASS 
















1 
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EXAMINER 
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EXAMOffiR: fetiial dwieB ifivfa 
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DEC eS 2080 1B:S FR 0«%l?Tim BflRTON 



m THE UNHED STATES DISTOICT COURT 
FOR THE EASTEKH DISTWCT OF VIRGINIA 
(Rjcfanumd Divison) 



RAMBUSINC 

V. 

INFQ^N TECHNOLOGIES AO. et aL, 
Defendsnts. 



Qvil Action No, 3-.00CV524 



PKFENBANT INFINKON TECHNOLOGIES AG'S 
FJKSTStJPFLEMENTAL RESPONSES TO PLAIOTIFF'S 
INTERROGAT Onres NOS, 3. S and 6 



Pureuani ti> Federal Rule of CHI Procedure 33, Plaintiff Infineon Tcchaologies AG 
("Infineon*) hsxtby makes the foUowiog supplemcntjal responses to Plaintiff Rambus^ Ine/s 
("Rambus*"} InterTDgmoriec No». and 6. Each respojojBe hei^ l< made subject to and without 
waiver of Isfiseon's previously-ststed Geoeral and Speofic Objections. Pursuant to Fedeial Rule of 
Civil Procedure 26(e), lafineon rc«ervea the right to supplement its responses or document 
production if it lenns of eddhional responsive infbnxution^ 
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Identify cadi and evay cusloincr of lofiocon that has puichased or is puixiiaang 
Infineon SDRAMs, DDK SDRAMs. or SGRAMa, or wy modules that ^f^^^^"^ 
witSn the UBitedStBies or for inclurion in products So!d or offered for sale in Ihe Umted States, 
identifying the devices, modules or chip sets purchased and the dale of purchase. 

To the BCteni any consuaera are Idairifled In response to loienogatoiy No. 3, 
Infineon responds pursawt to Fed. R. CW. P. 33(d) that the answer to tWa hitenogatory nay be 
derived or ascertained firtjm the business records of Infineon that have been produced in this action. 
Such documents iodude 1 023284 - 1023309^ 1 089866 -1 08911 and 1 141447-1 141514. 



INTERROGATORY NO 5: 

For each iind every Infineon product or device accused of infiingemeot in this action, 
identify oo a claim chart (on a product-by-product basis) eachlinuuition of each claim ofthe patents- 
in-suti that Infineon contends is not met by each such product or device, the basis for Infinepn's 
ccn tttaiinn tb»i tho limhsdor. sat auct [jicraily or under the doeuine of cqoivBicnt*, sod ell ;>ortiox2S .. 
of the patents-tD-suit and related prosecution file and/or prior ait references thai Infineon asserts 
support its conteotioiL 

SUPPLEKffiNTAL RESPONSE TO INTERROGATORY NO S: 

Noninfiingement of patent daims depends, in part, on the interpretation of daim 
language in the asserted chums. Claim construction is a question of law for the Court. In this case, 
the Court has not yet coutroed any dums ofthe pateots-in-suh. Accordingly, Infineon reserves its 
rights to supplement or amend its responses to this intenogaioiy once the Court rules on the ' 
interpretation of the daim language in the asserted dalms ofthe patents-u-suiL In addition, Rambus 
bears tbe burdcsk cTproof for infringunent, but hs&s Kiot identified with specificity which uf ihe aeeused 
products infiinge each asserted chum. Accordingly, pursuant to Infineoo's interpretation and 

-2. 
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TO 39a7e3S7eeaeQitti p.ea/si 



understanding of the asserted chims and Raobiirf generic infangCDoert cpxilentioM. the pioducU 
accused by Rambus do oo( iafiinge for at least t)ie foUovong reasons: 
A. n.S. Pfltcti t No. 

In response to Infineon's Interrogatory No. 1, Rambus accused Infineon's SDRAKh, 
DDR SDRAMs and SCSRAMs of literally intoging claios 1-5, 14-19, 21. 23-25. 27-28 and 3M3 
of the 763 patent Rambus does not. however, idenrify any specific circuitiy ormetbodfi of operatiiig 
a semiconductor memory device that aHcgedly inftioge particular asserted daims. Infinoon^s 
invertigfliionto dHterrvealsthatnoneofthe ac4aiscd products infiingethc asserted claims of the 
pateni for one or more of the follovwng reasons: 1) the accused products do not respond to read 
requests; 2) the accused products do not contain a programmable rcpstcr to store a vahie that is 
represenutive of a dday time aflfir which the memory device responds to a read request; 3) the 
accused products do not contain a programmable register to store a value that is represectadvc of a 
number of dock cydes of an external dock to transpire before data is output onto an external bus 
in response to a read request; 4) the accused produas do not include output drivers to output data 
onto hn external bus after; a otunber of dock cyclts ofan ejaernal^dqck transpire: 5) the accused 
products do not outpin d<ita onto an external bus synchronously vvith respect to an extemfil dodc; 
6) the accused products do not contain a programmable register to store a value representative of a 
number of dock cydes of a dock to transpire before data is output oato a bus in response to a read 
request; 7) the accused producu do not indude output drivers to output data onto a bus aAer a 
number of dock cycles of a dock transpire; 8) the accused products do not output data onto a bus 
synchronously ^th respect to a clock; 9) the accused producu do not perform methods that indude 
the steps of recd^ong and jnorixtg a time delay vdue in a prograxxunoblc rc^pster that is repreacntBtive 
of a number of dock cydes of an esctema] dock to transoire before data h output onto an estcnirJ 
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bus in response to a read request or a tiaasactioa request; and 10) the accused productt do not 
perform mtlhoto that inctode the step of sdecdng one of apteality of time delays aftexvrtoch the 
mcanoiy devia pravides dau in response to a read request In addition, the accuied Infineon 
products practice the prior art Thus, to the exictil that Rafffcus attempts to expand the asserted 
daims to cover the accused Infineon product^ those daims ate invalid over the prior art. 
B. II S Piif.«tWo.S.9Sa^ 

In respoaiie to loSaeon'i Intemagatory No. 1 . Ranibus accused lnfineon*s SDRAMs, 
DDR SDKAMs and SGB AX4s of infiinging dahn 26 of tlie *804 patent. Rambus does oot, however, 
identify any specific drouitry that all^edly iafiinges that particular daim. Infiaeon*s investigation to 
date reveals that none of the accused products infringe the asserted datim of the *804 patent for one 
or more of the following reasons: 1) the accused products do not output data on an external bus 
synchronously with respect to first and second external dodc signals; 2) the accused products do not 
respond to read requesis, and do not contain an inienial rc^ster to store a vahie wHch is 
representative of a nomber of dodc ^ea to transjnre before responding to a read request; 3) the 
accused produ'etfi do sot comatn delay locked loop circuitiy to generate an internal clock cignal using 
iirat and second external dock signals; 4) the accused producu do not have intedace drcuitry. 
coupled to an C9cteraa] bus to receive a read request; and S) the accused products do not output data 
on the esrtemal bus in response to an intenud dock signal synchronously with respect to first and 
second external dock ai^ials and in aeeordasoe wHh a vahie stored in a first internal re^er that is 
representative of a ourahcf of dock cydes to transpire before the deface responds to a read request 
In additioi^ the accused Infineon products practice the prior art. Thus, to the extent that Rambus 
attempts to expand the assened claim lo cover the accused Infineon products, that daim u invalid 
over the prior art 
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C. TT:S.Pati>nt Wo. 6.032,214 

Inrc^ponsctoInfitoeou^lirtOTDgaioryl^o. \,R^^ 
DDR SDRAMs aod SGRAMs of inftin^g claims 1, 2, 4, 6, 9-1 1, 14-16, 18. i9. 21, 24-26 and 29 
of the •214 poteai. R&iobus don not, however, identify any specific circuitry or methods of 
operating a synchronout mcmoiy device that aUegedly Infiinge particular daima. Infineon'* 
investigatSoA to datcresveals that none of the accused producta infiangc the asserted daima of thfi*214 
patent for one or more of Iht followtngreasons: J) the accused Infineon products do not provide first 
block size infonaation to a memory device hi the form of a Hoaiy code or otherwise; 2) the uxused 
Infineon produets do not issue first or second read requests to a memory device; 3) the accused 
Infineon products do not have first and second externa] dodc signals; 4} the accused devices do not 
output data on an external bus synchronously with respect to first and second external dock signals; 
5} the accused products do not respond to read requests; 6} the eceuied products do not store a code 
in an access-time register that is representative of a munber of dock ^des; nod 7) and the accused 
Infmeon produets are not automatically precharged after executing a read request. In addition, the 
accused Infineon produetipracnce the prior art 

the asserted claims to cover the accused Infineon products, those daims are invalid over the prior ail 

J>. P.S, Patent Nn g.03d-^lg 

In response to Infineon's Intenogatoiy No. 1 . Rambus accused Infineon's SDRAMs. • 
DDR SDRAMs and SGRAMs of infringmg daims 1. 2, 6, 8.9. 13. 15-20. 24, 2S. 29-31. 33 and 34 
of the *9 1 8 patent. Rambus does not, however, identify any specific dreuitiy or methods of operating 
and/or controlling asynchronous memory device that allegedly infiringe particular asserted daims. 
Infineon's investigation to date reveals that none of the accused prodocu infiinge the asserted daims 
of the *918 patent for one or more of the folIovHng reasons: 1) the accused products do not provide 
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fim or second block ureiafonBatioiL to a memoxy device, whemotbe block sizeiafonxutios defioes 
ui amount of data; 2) ihe accused products do not isme first or second read requests to a memoiy 
device; 3) the accused picducts do not issue first or second 9^te requests to a memoiy de^^c^; 4) 
the accused products do sot output data corresponding to first or second block mt infonnatio& onto 
the bus synchronously Viith respect to an extema] dodc signal; S) the accused producu do apt 
provide or store a code which is representative of a dday time to transpire before data is output onto 
the bus after receipt of a read request; 6) the accused products do not receive first block size 
iofonnatiaa frofb a bus cuntraller, wberein the fint block size infinmiatioo defines a fint amount of 
data to be output by the memofy de^nce onto a bus in response to a read request; 7) (he accused 
products do not output & first amoum of data conesponding to first block size tufonoatioD, in 
response to a fint read request, onto a bus synchronously with respect to an esctexnal dock ngnal; 
8) the accused products do not output a first amount of data conesponding to first block size 
information iniespoxueto a second read request onto a bus syBcfaronously ivitb respect to an external 
clock signal; 9) the accused products do nociaput a first amount of data corrcfpondi^g to first block 
WTC infonnalioa ia.i*ffpoR?e tr^ a &rn wnte requcstr ax>m a-bus syDchrcuioiSsly -wnh rtspea to-an 
extenjal dock signal; 1 0) tbe accused products do not store a value in a time delay register, the vahie 
being representative of e ouoiber of external dodc cydes to transpire; U) the accused ptoducU do 
not receive blodc size iiiformation from a bus controller wherein the Mode Size information di^nes 
a first amount of data to bi^ output by the memory dc^oe onto the bus in response to a read request; 
12) the accused products do not outpm a. first amoum of data cofreipoodtng to bbek size 
infonnation ia response to a first read reqbest; 13) the accused products do not output data ' 
synchronously withrespectto an ecternaldock signal during a plurality of dock cycles ofanextemal 
dock signal in accordance ^ c -.tluc stoit^ ina time dday register; and H) the accused Infineon 
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products do not use a DLL to geoente an iaenul dock signd. In tddhion. the aeoued InfineoD 
products practice tbe prior ut Thii8» to the cacteal that Rambus attempts to expand the asseitod 
claims to cover the accused Infra«oii products, those daims are invafid over the prior art 



iGATORYNO. 6: 

If Infinmfi Gostfiads that asy or all of the daims of the pBtents-iO'-cuit are sovalid or 
unenforceable, state the basis for Budi contentionby identifying each cuch palcDt and daiiD» each faa 
underlying such cozitentioD, ioduding the idcotificatioo of any alleged prior bc^ the individuals who 
have icno>vledge of the ficts tinderlying such coiitention» and aU docamcnts rdated to sudi 



" ^ —tj " — —I — ' — — - — — ' ■ — 

have icno>vledge of the ficts tinderlying such contention, 
contention. 

gVTf IrPMgWTAL ]^Rspok,<;t? TQ TKimOgAIOSimi: 

Based 0x1 its invcsiigaUon to date, eadi of the assened daims of the pateais-in*sutr 
are invalid and/or unenfiDJCcnble for one or more of the foJIowing reasons: 

The pBtents-io-suit arc unenforceable due to patent misuse and cstoppd due to 
Rambus* misconduct at XEDEC because throughout its tenure as a JEDEC member, under the 
policies and rules of jn)EC, Rambus was obligated to disclose any patents or patent applications 
thai migbi be invoked in .thc woik.nf;Rny of the TO npnsemSvS^ 
attended. As of 1992, Kambus believed that iu pending patent applications covered the SDRAM 
technology being discussed for staodardlzatioA by JEDEC Committee 42.3. Further, pursuanc to 
Us patent strategy, at various times during its tenure as a member of JEDEC, Rambus filed 
continuauon patent applications for the express purpose of filing claims to track the SDRAM 
technology being discussed at the JEDEC meethsgs its rapresentaiives attended. Rambus attended 
no less Chan 15 JEDEC committee 42.3 meetings duriog whidi SDRAM standardization was 
discussed, bur never disclosed to the jIedEC membera that h had pending patent applicaiioi» that 
it bdievcd eovmd the WDric being discussed by the comminee nor did H disdose diat it intended 
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azzd did file daiou to ccver the work of the committee. Instead, the only disclosures of inteHectual 
property rights by Ramlms were patents that did not relate to the workbeing done by the committee. 
In reliuice of RAmbus' mlencc with reganS to patents and patest applicsdons that might relate to the 
SDKAM standardization ivorl^ JEDEC and its membeis, including Infineon, unbiowingly adopted 
SDRAM standards that Rambus now claims are covered by its patents. Further In fi neon has made 
substantial investmcci!. in developing, mftmifachiring and selling SDKAM end DDR SDRAM 
products that are oomjpatible with the JEDEC standards, believing these standards to be open 
standards. The details of the factual basb for Ihfineon's affirmative defease that the patents-in-sulc 
ereunenforceable duetn equhable estoppel and paiem misuse are set forth in paragraphs 74-194 of 
1 niineon*s Answer and Counterclaims toRambus'Fim Amended Complaint, which are incorporated 
by reference in their entirety in this response. Moreover. Rambus' delay in filing the patent 
applications thai contain the asserted claims until after it terminated its membership in JEDBC 
constitutes lathes. 

" p8t£nrKl»o unutforceabie due to inequitable conduct during prosecution 

of the patent application that matured into the 763 patent and due to inequitable condua during the 
prosecution of Application Serial No. 07/510.898 ("the -898 appIicationT and subsequent patent 
appUcatioQs rdated to the "263 patent. im:hidmg patem applications through which the -263 patent 
daims priority to the '893 appHcation, for faihve to du^ inur alia, the following references to the 
PTO: 

1. U.S. Patent No. 5,140,688; and 

2. Doaunems published during the dcvelopmcm of specifications for the Sealable 
CobcmotlmerfaccProjeci, IEEEP1596 (coUectWely 'SCI pubUcations"). incbdiqg: 
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a. David B. Ousiavsos et aL/ Hie Scalable Cohereat Interface Project 
(Supcrbufl)". draft of August 22.1Q88; 

b. . David B.GustTOoi^ "Scalable CoberemIntetf«ee\Novetnber 1988, (pap^ 

to appear at COMPCON Spting 1989); 

e. David V. Jaroes, "Scalable I/O Architecture for Buses', November 1988. 
(puper to appear at COMPCON Spiiqg 1989); 

d. Dnvid V. James. •T1596: SCI. A Scalable Coherent Interfece", Noveiriber 
1988, (transparencies); 

e. Knut Aloes* "SH: A Proposal For SCI Operation". November 1988; ' 
f Knut Aines, "SQ: A Proposal For SO Operation", January 1989; 

g. Bjins O. BaJdcB et aL, "SCI: Logical Level Proposab". January 1989; 

K Ernst K Krlstiansen et al.. "Scalable Coherent Interface", Febniaiy 1989, 
(paper to appear in Eurobus Conference Proceedings. Mutuch. May 1989): 

L Morten Schankc; "Proposal For Clock Distribution b SCI", May 1989; and 

j. Enist H. Kristiansea et al, "Scalable Coherent Inierfkce", Eurobus, London, 
September1989. 

Claims 1,18, 24-25 and 27 are invaUd under 33 U.S. C. § 1 02 and/or § 1 03, in view 




1. 



U.S. Patent No. 3,950,735; 



2. 



Japanese Patent Application 54-160587; 
U.S. Patent No. 4,445.204; 



4. 



Japanese Patent Application 55-89232; 
JapanesePatent Application 58-186919; 



5. 



6. 



U.S. Patent No. 4,858,1 13; 



7. 



U.S. Patent No. 4,953,128; 
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8. US. Patem No, 5,140,688; 

9. Japanese Patent AppItcsiioD 6Z-S 1 509; 

10. J^>ttiBsc)>Ktcm-^lication 62-71428;— ^ - 

11. JapanesePacteiit Application 62-185253; 

12. 1C8 Tor Emertainmcnt Electronics - Hcmre-m-Picmre System, as described in data 
sbeeta of SDA 9087 and SDA 9088 published by Siemeiu; and 

13. GigaBilI.ogic 12C014 data steel ^256x4 Bit Registered. Sclf-Tinied Sutic RAM, 
2.5 ns Cyde Time,* 1989 GaAs IC Dato Book & Designa's Guide. 

Cla5ins24, 14-15 aod 30-31 are invalid tinder 3 5 U.S. C. § 102 and/or § 103. in view 

of the following feferences, dthcr alone or in combmation with other one or more of the foUowing 

listed referenees and/or the general knoxtAedge of one of sldU in the ait: 

1. U.S. Patent Ko. 3,950.735; 

2. Japanese 'Patent Application 54-160587; 

3. U.S. Patent No. 4,445,204; 

4. Japanese Patent AppHcation 55-8^32; 

"-^f ;upaasBeP£tecl-^AppiiMaon-58"^lCfl9)9; '* - * - • ' " rr..^'-^^'''^^-^ 

6. U.S.Paicat No. 4,858,113; 

7. U.S. Patent No. 4.953,128; 

8. U.S. Patent No. 5,140.688; 

9. JapanesePatem Application 62-71428; 

. 10. Japanese Patent Application 62-185253; 

1 1 . ICs For Entertain meni Electronics - Picture-in-Picture System, as described in data 
sheets of :SD A 9087 fiAd SDA 9088 published by Siemens; and 

12. GigaBitl^gic 22O014 dotaaheet "256x4 Bit Registered, Self-Timed SuticRAK 
2. 5 ns Cy :}e Tune/ i989 GaAs IC Data k^ook & Deagnef's Guide. 
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n,im» 4 nnd 23 are iovaUd uzuier 35 US. C. § 102 awl/or § 103. m view of the 
foOowing refertnces, ehher alone or b combinfltioa vath eatto one or more of the folbwsi^ listed 
refereoees 2xul/of tbe goiem knowledge of one of sk&U in the art: 



1. 


Japanese Patent Application 54-160587; 


2. 


US. Patent No. 4,445,204: 


3. 


Japanese Patent Appfication 55-89232; 


4. 


Japanese Patent Application 58-18691 9; 


5. 


US. Patent No. 4,858,113; 


6. 


US. Patent No. 4.953,128; 


7. 


U^. Patent No. 5,140,688; 


8. 


Japanese Patent Application 62-51 509; 


9. 


Ji^anese Patent Application 62-71428; 


10. 


Japanese Patent Application 62-1 8S253; and 


11. 


ICs For Entertainment Electronics - Picmr^-io-Picture System, as described in data 




sheets of SDA 9087- and SO A 90BB pt'blished b^^ Siemens. ..i. -^u^=-=w. . ^-.strriTi^s^s^-sii-:?^ 




Qaims 1 9« 21 and 28 are invalid under 35 U.S. C § 102 end/ox § 1 03. in view of 



the following reficrcnces, ehber alone or in eombinaiion with ^er one or more of the foDowins listed 
references and/or the genera] knowledge of one of skill in the art: 

1 . Japanese Patem Application 54- 1 60587; 

2. Japanese Patent Application 55^9232; . 

3. Japanese Patent Application 58-186919; 

4. US. Patc-U No. 4,858,113; 

5. US. Patent No. 4,953.128. 

6. US. Palcai No. 5,140,688; 
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7. Japanese Patent Application 62-51 S09; 

8. Japanese Patent Application 62-71428; and 

9 ICs For Entcrtaiwoem Eleoromcs - Piclure-iii-Picture System, as described la data 
sheets of SDA 9087 and SDA 9088 jmbfishttd by Siemens. 

CUiiM 16 and 32 arc invalid under 35 U.S. C. § 102 and/or § 103, in ww of the 

foUowing leforencea, either alone or in combination with dlhex one or more of the foUowig fisted 

references and/or tbe general knowledge of one of sidll in the art: 

t. Japanese ratemAppfieation 54-160587; 

Z, U.S. Patou No. 4,445,204; 

3 . J^aaese Patent Application 55-89232; 

4. Japanese Patent Application 58-186919; 

5. U.S. Patau No. 4,858, 113; 

6. U.S. Patent No. 4.953,128; 

7. U.S. Patent No. 5, 140,688; . 

8. Japanese ]?atent ^plicstton 62-71428; 

9. Japanese Patent Application 62-185253; and 

1 0. ICs For Eatenainmeoi Blectronxcs - Picturo-in*Picture System, as described in data 
sheets of SDA 9087 and SDA 9088 published by Siemens. 

Claims 17 and 33 are invalid under 35 U.S. C. § 102 and/or § 103, in view of the 

following references, either alone or in comhinatioo with either one or more of the following listed 

references and/or the general knowledge of one of skill in tbe art: 

1 . Japanese Patent AppUc&tion 54- 1 60587; 

2. Japanese Patent Application 55-89232; 

3. Japanese Patent Application 58-186919; 
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4. U.S.?BttDtNo.4,858>U3; 

5. U.S.?ataiJ No. 4,953,128; 

6. . U.S.PBtcolNo.5.M0,6OT; 

7. Iftpaoese pAteat ^^pfication 62*71428; Biid 

8. IC« For Ejitcrtaioojenl Electronics - Picture-ixhPicmrc Sysicm, as described in data 
BhcctB of S'DA 9087 and SDA 9088 published by Siemwis. 

Th© asserted cUiniJ of the •263 patent are abo Invalid under 3 5 U.S.C. § 112 for 

ominins clcmcnl5 thai oiie of ordinary skill in the art ivould understand as being cascntial to the 

alltged invention as origiiAlly disclosed, and for lack of tanUement and/or support in tbc specification 

to the extent that those clfiims arc broadly imerpretcd to cover Infineon's accused products, inchiding 

expansive interpreutioas of tcnns and/or phrases such as: "read request,' ■transaction request," "to 

ouipm data on the bus. in response to the read request, synchronously with respect to an external 

clock," "the value is ropreseautive of a number of clock cycles of the cricniaJ clock," *a 

programmable register to store a value which is rqsrescntative of a number of clock cycles of an 

of the external clock transpire,' "wherein the value u representative of a fraction or a -whole number 
of clock cycles of Ihe external clock" and *'recelvmg a time delay value, ^wherein the delay value is 
representative of a numb sr of dock cycles of an external clock.** 

B. y^tent Nfl. S.9S4.g04 

The "804 patent is also unenforceable due to Inequitable conduct during prosecution 
of the patent applicatiott that matured bto the '804 patent and due to inequitable cotiduct during the 
prosecution of AppUeation Serial No. 07/510,898 C'll^e '898 application") and subsequent patent 
appUcations related to the '804 patent, inchiding patent appEcations through wbi 
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claims priority to the '8P8 tppficatioa^ for hShxtc to dUf inter alia, the following refere&cea to the 



1. U.S.PBismNo.4,99S^2:and 

2. Documeata published during the development of spedficatiolu for the Scalable 
Cohereat Inter&ce Project. IEEE P 1 596, inchidiog the pubUc&tioDS listed in Section 
AaB2(a>©. 

CUim 2£i of the *604 pstectf is tovafid under 35 US.C 6102 and/or § ] 03, in view of 
t he above references and the refereoces listed below, either alone or in coonS^sation with each other 
and/or the igeaeral lasovdedge of one of aldO in the ait: 

1. U.S. Patent No. 3,950,735; 

2. . Jj^anese Patent AppHeatson 54-1605S7; 

3. U.S. Patent No. 4.445,204; 

4. Japanese Patent Application 55-89232; 

5. Japanese Patent Application 58-186919; 

6. U.S. Patitnt No. 4,858,113; 
T.*'"'^iOXPttS'No!^ 128; 

8. US. Patiart No. 5,140,688; 

9. Japanese Patent AppHcstioo 62-51509; 

10. Japanese Patent AppEcation 6Z-71428; 

11. Japanese Patent Appficatiofi 62-185253; 

1 2. ICs For Entertainrocnt Electronics - Picture-in-Picturt Syslexn, as described in data 
sheets of SDA 9087 and SDA 9088 published hy Siemens; 

13. Gtga Bit J-ogic 12G014 data sheet •256x4 Bh lUpsiercd, Self-rimed Static RAM, 
2.5 OS Cy.d6 Time," 1?89 GaAs IC Data Book & Designo's Guide. 

14. US. Pateol No. 4,338,569; and 
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15, U.S.Pftl45nl No. 5.361,277. 

Cl&im 26 of the "804 patent b also invalid utulcr 35 U.S.C. § 112 for lack of 
enablement and/or support is the spcsificctiOii to the extern that those claims are broadly interpreted 
to cover loiineo&'s accaned pfoducts* inehidii^ expansvexnterpretations of tenns and/orphrases such 
as: "read request," "first and second external dock aignab,* "interfue cirontry, coupled to the 
external bus to receive a read request" and 'outputs data on an actemal bus synchronously with 
respect to first and second txtetnal dock signaU." 

Tbe "2 1 4 patent is also uneafomable due to inequitable conduct during prosecution 
of the patent appUcaxioo that matured into the "214 patent and due to inequttable conduct during the 
prosecuUon of Applicstion Serial Ko. 07/530.898 ("the *898 application") and subsequent patent 
applicaaoas related to tbe 7t4 paten!, inchufing patent applications through which the 514 patent 

claims priority to the i9B application, for faihire to die, //tf*r ol/fl, the f^ 
PTO: 

2. Documents j)ublished during tbe development of specifications for the Scalable 

Coherent Inteifece Project. IEEE P1596, including the pubUcations listed in Sert^^^ 
Aa8 2(B)-(j). 

Tbca8seiieddaimsofthe714patentareinvaliduadcr35U.S.C. S 102aad/or§ 103, 
in view of the above references and tht references listed bdow, either alone or in cooobination whh 
each other and/or the general kno^edge of one of skiU in the art: 

1. Japanese PstCDtAppCcatioo 63-239676; 

2. U.S. Patent No, 4,763,249; 

3. Unisys JEDEC Presentation -December 6, 1988; 
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4. K3^tXM,.AS(htsI6MDRAMwithaJ0nsDaiaJ<flte,\990IEEElnxt^ 
5oUd*State Cirouts Coiifocnc^ pp. 232-33. 303, Fefaniary 16, 1 990; 

" ^ - IEEE loumal of Solid-Statc Circuits. voL 25. no. 5, pp. 1 1 £8-28. October 1990; 

6. ^apesesc: Patent AppIicattoa63>142445: 

7. FastPac^tBusforMcroprocessorfystemswUhCaches,TBM7tt^ 
BuUetiii, vol 31, AO. 8. pp. 279-82» Jasuaiy 1989; 

8. Waunabc, Hig^Denslty SRAMi, 1987 IEEE IntematioDAl Solid-Sute Circuits 
Coaferaice, pp. 266-67; Febiuaxy 27, 1987; 

9. Japaaese Patent AppUcation 61*723 SO; 

10. U.S.Paiaii No. 5,134,699; 
J J . US. Paceat No. 4.3 15^08 

1 2. ICS for Bntcftatameot filaetrofiics - Ptcture-ifi-Ptcture System, as described in data 
sheets oi- SPA 9087 and 5DA 9088 pubJished by Sieoeos; 

13. Aneeau, A Slynchrcmous Approach Jor Clocking VLSI Systems, IEEE Journal of 
SoKd-Sme Circuits. VoK SC-17. No. I. Fcbniary 1982; 

14. Ocnnaa Laid-open Patent ApptotionDE 3733554 Al . publisted April 21, 1988; 

1 6. Ogiuc « aL. //-«f, SOO^ir, 64Mii ECL MM Using Hl-BlCms Uchnoloiy, 
IEEE JoumaJ of Solid-Stau Orcuiu, Vol. SC-2 1 , No. S, October 1 986; 

17. O.S. Patrnt No. 4,205,500; 

18. U.S. Patcfit No. 4,803,621; 

19. U.S. Patent No. 4,870,622; 

20. US. Patent No. 4,926,385; 

21. US. Patent No. 4,927,791: 
32. US. Patent No. 4,480,307; 
23. US Patcm No. 5.179,667; 
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24. U.S.PBteaiNo.4,r73,066; 

25. U.S.PBtcmNo.4,85l,9W; 

- - ~26: ^ TJ.S7PBttSNor4;878;i66 r . 

27. Patiot No. 4.528,661; 

28. U.S. Patent No. 4,849,965; 

29. US. Patiat No. 4,435,762; 

30. US. Paidrt No. 4,949,301; 

31. US. Patent No. 4,835,674; 

32. US. Pat«m No. 4,839,801; 

33. U.S. Patent No, 4,589,108; 

34. US. Patent No. 5,029,124; 

35. US. Patent No. 4.625,307; 

36. US. Patent No. 4,748.617; 

37. US. Patent No. 5.193,193; 
•'^"-•^38?^""US.F 

39. US. Patest No. 4.566,099; 

40. US. Patent No. 4,047,246; 

41. US. Patant No. 4,048,673; 

42. US. Patent No. 4,519.034; 

43. Voelker, IEEE Spectnsm, Feb. 1987; 

44. Doc et a.'i, IBM Journal of Research and Development Vol 26, M Tuly 1982; 

45. Gn»sma^ IBM S^teas Journal. Vol 24, No. S3/4 1985; and 

46. US. Paienl No. 3,950,735. 
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The assemd daims of the 714 patent are also invalid WBdcr 3S U.S .C. { 1 12 for lack 
of cnablcmeot and/OT sujiport m the specification to the ewent that those claims are broadly 
irucrpreted to cover Infinean's acxused products, mduding txptDSb/t intcipretaiions of terms and/or 
phraics such as: "read reijuest," 'Sviitc request," ouiputting data "synchronously with respect to a 
first and 5ecoDd external clock signal wberan a first portion of the first amount of dsu is output 
synchronously with respect to the fim external clock signal and a second portion of the first amount 
of dau is output synchronauBly with respect to the second external clock signal" and "storinB a code 
in an access-time regi5ter» the code being representarivc of a number of clock cycles of the first and 
second external dock signals to transpire before data is output.* 
D, U.S. Patent No. 6>034.918 

The *9 1 8 patent is also unenforceable due to inequitable conduct during prosecution 
of the patent application that matured into the '91 8 patent and due to inequitable conduct during the 
prosecution of Application Serial No. 07/510,898 CtHe '698 application") and subsequent patent 
applications related to the '918 patent, inchiding patent app}ications.throtig|b wbicb.ti!f,?9,18-par^!^^^ 
claims priority to the *898 application, for faOure to cne, inter, alia, the following references to the 
PTO; 

1. US. Patent No. 3,771, H5; and 

2. Pocumenii published during the development of specifications for the Scalable 
Coherent Interface Project, IEEE PI 596, induding the publications listed in Seccioo 
Aas2(aHD. 

The asserted claims of the '9 1 8 patent are invalid under 35 U.S.C. S 1 02 and/or § 1 03, 
in view of the above references and the references listed bdow, either alone or in combination ivith 
each other and/or the gem^rtj knowledge of cnc of skill in the it!: 
1 . Japanese Patent Application 63-23967i5; 

.18- 
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Z U.S. PaicDtNo, 4,763^49; 

3. Uoisya JEDEC prescrtation - December 6, 19SB; 

4. ^ Kalterei: SOru J6MbDRAMwilha JOnsDataBate, 1990 lEEB International 

Solid-state Circuits Conference^ pp. 232-33. 303, Febnsaiy 16. 1990; 

5. Kalia ct. al., A 50ns JCKfb DRAMwiih a JOns Data Rate andOn-CMp ECC. 1990 
TPPP Journal of Sotid-State Circuits. voL 25| no. 5, pp. 1 118-28. October 1990; 

6. Japanese Patent Applicatioo 63-142445; 

7. FastPat^kerBtis/orMtereproetssorSystemswith Caches, IBM Technical Dlselosure 
Bulletin, vol 3 1 . no. 8. pp. 279-82. January 1 989; 

8. Watanat>e, High-Density SRAMs, 1987 TF.ER International Solid-State Qrcuits 
Conference, pp. 266-67; Febniajy 27, 1987; 

9. Japanese: Patent Application 61-72350; 

10. US. Patent No. 5.134,699; 

11. U.S. Patent No. 4,3)5,308 

1 2. ICs For Entertainment Eleciro&ics - Picture-in-Piaure System, as described is dat& 
sheets of SDA 9087 and SDA 9088 pubfished by Siemens; 

13. Anceau, A Synchronous Approach for Clocking VLSI Sys:ems„lE'BE Journal of . 
- - .Solid-SittcCirr?jit3;^Va^'G-|7^^^ .. -.-.r-.-, , „ 

14. German J.^d-Opcn Patent implication DE 3733554 Al, published April 21, 1988; 

15. MotorQls.*s MC88200 chip; 

16. Ogiue et al., 13^ SOO^mW, 64Mt ECL RAM UMng Hl-BJCKfOS Technology 
IEEE JoLimal of SoBd-Statc Groutts, Vol. SC-21. No. 5. October 1 986* 



17. 


U.S. Patent No. 4,205,500 


18. 


U.S. Patent No. 4.803,621 


19. 


US. Patent No. 4.870.622 


20. 


US. Patent No. 4,926,385; 


21. 


US. Patent No. 4.927,791; 
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22. 


U.S.Patexil No. 4,480^07; 


23. 


U.S. Patent No. 5,179,667; 


24. 


US. Paieit No. 4,773.056; 


25. 


US. Patent Na 4,851,990; 


26. 


US. Paiem No. 4,878.166 


27. 


US. Pateirt No, 4,528,661; 


28. 


US. Patent No. 4,849,965; 


29. 


US. Patenl No. 4,435,762; 


30. 


US. PalCDt No. 4,949,301; 


31. 


US. PateatNo. 4,835.674; 


32. 


US. PDteat No. 4,839.801; 


33. 


US. PaUAt No. 4,589,108; 


34. 


US. Pattat No. 5,029,124; 


35. 


US. Patent No. 4,625,307; 




37. 


US. Patent No. 5,193,193; 


38. 


US. Palcat No. 4.482,999; 


39. 


US. Patffflt No. 4.566,099; 


40. 


US. Pfttem No. 4,047,246; . 


41. 


US. Patcat No. 4.048.673; 


42. 


US. Patent No. 4,519.034; 


43. 


VoeUcer, IEEE Spectnnn, Feb. 1987; 


44. 


Dix el ai, IBM Journal of Kcsearch and Developmem Vol 26, #4 July 1982; 
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45. GiDBSman, IBM Systems Journal VoL 24, No, S3/4 1985; and 

46. U.S. Patent No. 3,950,735. 

•ri» ifserttt! diims'of the "918 patent are alio invalid under 35 U.S.C. § \ !2f5? Seek 
of cnaWemem aad/or »iipport in the spedfication to the extent that those claims arc broadly 
interpreted to cover Infineorfs acaUcd producu, inchiding expansive imcrpretaiions of tcnna and/or 
phrases ffuchas: "read reqoert.- •wriierequert," Vovidmgfimblock««infoixnationiotheincnio^ 
whorein the first block size tofomiBtion defines a fim amount of data," Issuing a first lead 
request," "outpute the fint amoost of daU corresponding the first block nze infonnanon 
synchronously with respect to an external dock signal," "isanng a second read request,- "providing 
a code which is representarivc of a delay time to transpire before data is output onto the bus after 
receipt of a read request,* "receiving the external dock signal wherein the first amount of data 
corresponding to the first block size infonnation is output in accordance vnfh the delay time," 
"wherein the first amount of data corresponding to the first block size tnfonnattoo is ou^t 
synchronously during a phimlity of dock cydes,' "receiving first block size information from a bus 
.^j=>Cr^ ^t^ ccntrbiier; wherein tKelD%'block size iaformulbn (defines a first amount of data to be output,'*"in"' 
response to a read request," "outputtlng the first amount of data corresponding to the first blode size 
information, in response to the first read request, onto the but synchronously with respect to the 
exterod dock dgnd," "reemng a second read request," "outputtlng the first amount of dam 
corrcspondmg to the first blodc aze information, in response to the second read request, onto the bus 
synchronously with respea to the external dock signal," "recdving a first write request," and 
"inputting the amount of data corresponding to the second Uodc nze information, in response to the 
second write request, bom the bus lyndironously with respea to the external dodc dgnd." 
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JL Brsxto&HiU. IV, Eaq.,VSB ^1539 
CHRISTIAN & BARTON, Li J>. 
909 East Maid Street. Suite 1200 
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BY OVERWTGHT DgL:rVERY; 

David £. Monahan, Esq. 

Aleacandei H. Rogers, Esq. 
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Edward R Sikorski, Esq. 
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401 B Street, Suite 1700 
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IE UNITED STATES PATENT AND TRADEMARK OFFICE 
(Case No. P043D2C3C) 



In the Application of: 

FARMVyALD.ETAU 
Serial No.: 09/492.9&2 
Filed: JANUARY 27/2000 
Title: 



METHOD OF OPERATING A MEMORY 
DEVICE I4AVING A VARIABLE DATA 
INPUT LENGTH 



Assistant Commissioner for Patents 
WasHngton. DC 20231 



r 



Certificate of Mailing Under 37 CFR 1.8 

I hereby certify that the attached 1) Information Disclosure Statement (1 page 
and 1 copy thereof + 2 page PTO-1449 attached + references cited therein) is/are. 
being deposited with the United States Postal Service with sufficient postage as first 
class U.S. mall in an envelope addressed to: 



Assistant Commissioner for Patents 
' Washihgtonr'D.e/2053fr'^^ • 



On Febnjary 8, 2001. 



(Signature) 
Michiko Sites 



n 



(Print Name of Person Signing Certificate) 
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IN THE OTITEO 




TBADEHAKK OFFIC£ 



(Case No. P043D2C3C) 




Application of: 



No: 09/492^.982 



^ARMWALD «t al. 



Group / 
Art Unit: 281B / 



Before 

Examiner: T. Nguye: 




Filed: JANUARY 27, 2000 



I l0cty cciitfytha 0»b oovciinMleacK bfaeitg 

ti fM cUn mBilwiflt fafHctet peatysio B 
aivcbpe tddrtmd to 0w QmaiSsnotcf of 



Title: METHOD OF OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT LENGTH 




Assistant Commissioner for Patents 
Washington, DC 20231 



ZNFORIATZON DZSCLOSURE STATEMENT 



Dear Sir: 

In .compliance with the duty of disclosure set forth in 37 C.F.R. 
§1.56, Applicants' submit concurrently herewith an Information 
Disclosure Statement <IDS) including modified Form PTO-1449. 

Some of the documents listed in the PTO-1449 have been cited by 
a defendant in an action pending in U.S. District Court For Eastern 
District of Virginia case, namely in Rambus Inc. v. Infineon 
:^TecSndl6ql'es''A:G-. . et ax". / prior art igaTnist the Inventions claimed 
in, among other patents, U.S. 6,034,918. The *918 patent is a parent 
of the instant application. Reference to these documents are listed on 
page '2 of the Defendents' AMENDED PRIOR ART NOTICE PURSUANT TO 35 
U.S.C. 5282 (hereinafter "PRIOR ART NOTICE") . A copy of the PRIOR ART 
NOTICE is. enclosed herewith. 

Furthermore, the construction or interpretation of a number of 
terms have recently been considered in a Mackman opinion issued in the 
above-mentioned litigation. A number of claims pending in the instant 
application incorporate or incorporated some of these terms including, 
for example, the terms "block size", write request", and **bu.<i". The 
term write request" has been deleted from the pending claims (as 
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amended) z The terra ^bus" has been deleted f rora some of the pending 
claims (as amended) . A discussion of .**bloc)c size" may be found on 
pages 41-47 of the Markman opinion, and a discussion of ^bus" may be 
found on pages 17-41 of the Markman opinion. 

By submission of this Markman opinion. Applicants make no 
statement as to the correctness of the constructions set forth therein. 
Indeed, as is apparent from that opinion, the court substantially 
adopted the constructions proposed by the defendants, and not that 
construction proposed by Rambus, the owner of the instant application. 
A copy of the Markman opinion is also enclosed herewith. 



RespeiCt fully submitted. 





Neil A. Steinberg 
Reg. No. 34.735 
650-947-5325 
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ATTY. DOCKET NO. 
P045D2C3C 


SERJAL NUMBER 
09/492.9B2 


U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OITICE 


APPUCANT(S) 

FARMWALpETAL. 


INFORMATION DISCLOSURE 
STATEMQJT 
BYAPPUC;J*T 


FILING DATE 

JANUARY 27. 2000 


GROUP ART UNIT 
2818 





DOCUME>n 
MUMBER 


DATE 


NAME 


CLASS 


SUB 
CLASS 


nuNo 

DATE 




4.753.937 


JuJy 5. 198^ 


Olier 
Mfttsumoto 










4.875.192 


Oct 17, 1989 

FORElt 


INfATOIT DOCUMENTS 








examihcr 
INITIAL 


D0CUMEK1' 


DATl 


COUKTHY 


CLASS 


SUB 
CLASS 


VCSHB 














1 





Pelgrom et aU . "A 32-kbit Voriabte'Length Shift R«gistDr for Digital Audio Application", IEEE 
Journal orSoltd-State Circuits, vol. sc-22. do. 3. June 1 987. pp 4 1 5-422 






Grover et al.. "Precision Tune-Transfer in Transport Networks Using DigiiAl CrossConnect 
Synems-. IEt£ Paper 47 Globeeoro. 1988. pp 1544.1548 






Custavson ct lU.. The Scalable Inter&cc Project (Snpcrbus)' (DRAFT). SCI-22 Aug 88-docl pp 1- 
16.AuRust22. 1988 






Knut Allies. "i^CI: A Proposal for SQ Operation*'. Sa-10Nov88^oc23, Noisk Data, Oslo. Norway, 
pp. M2.N0V. 10.1988 






Krvi Ah:s3, "SCI: A Proposal for SCI Operation^. Sa^an89^oc3].-Nonk Daia,p»io. Norway..: — 
pp. 1-24. Jan 5. 1989 






Bakka et al.. * SCI: Logical Level Proposals". SCI<6}an89«doc32. Norsk Data. Oslo. Norway, pp. 1- 
20. Jan 6. 1989 






Kxntt Alnes. "Scalable Coherent Inter&ee*. SCI-FebB9^oc52. C^o appear in Euntnis Conference 
Proccedinfis May 1989) pp. 1-8 






Boysel el al., ^Four-Phase LSI Logic Oflers New Approach to Computer Designer". Four-Phase 
Systems Inc. Cupertino. CA. Computer Desi^i. April 1 970. pp. 14 M 46, 




Boysel et aL. 'Random Access MOS Memory Packs More Bits To The Chip', Electronics, Feb. 16, 
1970. pp. 109-146. 
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U.S. DEPARTMENT O? COMMERCE 
PATENT AND TRADEMARK OFFICE 



INFORMATION DISCLOSURE 
STATEMENT 
BY APPUCANT 



ATTY. DOCKET NO. 
P043D2OC 



SERIAL NUMBER 
09/492,982 



APPUCANT(S) 



FARMWALDETAL, 



HLINO DATE 

JAhaiARY27.2000 



GROUP ART UNIT 
2818 



MS. 


PATENT DOCUMENTS 










OOCUMEKr 
KiMfiER 


DATE 


NAME 


CUSS 


SUB 
CLASS 


miNo 

DAXt 































EXAMINER 


DOCUMENT 
KUMBEK 


DATE 


oownr 


CLASS 


SUB 
CLASS 









































Hasscn ct al. "A RISC MICROPROCESSOR WITH INTEGRAL MMU AND CACHE 
INTERFAaJ-. MIPS Compoier Sysicxm. Sunnyvale. CA, IEEE 1986 pp 145-148 






Moosiourii ctt al, "A CMOS PROCESSOR WITH INTEGRATED SYSTEMS FUNCTIONS-. 
MIPS Conpijter Systems, Sunnyvale CA. IEEE 1986 pp 126-130 






"LRSOOO Hiftb Pofonnance RISC Miaoprocesaor Preluznoary* LSI Logic Coip- 1988. pp. 1-1 S 






■LR2010 Ftca^tsJ'ouit Acc«lenitor PrclinMnwn^ Logic Corp. I98?..pp.i-7i*^_^^ -^.z: . 






"Hisb Speed CMOS Databook", Integrated Device Technology Ine. Santa Qan. CA, 1988 pp 9-1 to 

9-14 






Rioidao T. "MIPS R2000 Processor Interlace 78-O0O0S(C)", MIPS Computer Systems, Sunnyvale, 
CA. June 30. 1987, pp 143 






Moussouris, 1. The Advanced Systems Outlook-Lile Beyond RISC: Tlie next 30 yeais to high* 
pcffonnance computing". Computer Letter, July 31. 1989 (ao edited excerpt from an address at die 
fourth annuaS conference on the Advanced Systems Outlook, in San Frxocasco^ CA (June 5)) 
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IK THE UMTTED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF VIRGINU 
(Richmoad Dhdsioii} 



RAMBUS INC.. 

PlBinQff'Countercliui& Defeadam, 

V. 

INFINEON TECHNOLOGIES AG tf/ a/.. 
Defeadanti-Couotcrclum Fluatiffs. 



Civn Action No. 3:00CV524 



AMEWppp fRIQI^ ART NQTTCE PPRSU^WT TO 3S P^S.^ ^ 
• Defecdanu Infineon TechDologies AG, Infineon Technologies Nonh America Cozp. and 
Infineon Technoio^ liotding North America Inc. (coOeciively. "Infineon**), by their attoneys and 
pursuam to 35 U.S.C. G 282, subnnt this amended prior art notice. 



Inventor 




Pttte 


Nishigochi 


as, 4,445^04 


April 24, 1984 


Saecardi 


U.S. 4,B58,lt3 


Augun 15. 1989 


Kswat 


U^. 4^53.128 


August 28, 1990 


White 


U.S. 5,140,688 


August 18, 1992 


Wlggcrs 


U.S. 4,998^2 


March 5, 1991 


Grover 


U.S. 5^61,277 


November 1, 1994 


Patel 


U.S. 3.950,735 


April Ij, 1976 


Wiener 


U.S. 3,771,145 


November 6, 1973 


Radwioe 


U.S. 4,330,852 


May 18. 1982 
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Invtntpr 


Patent Number 




Bomba 


U.S. 4,763,249 


August 9, 1988 


Glier 


U.S. 4,755,937 


Julys. 1988 


Jacksoo 


U.S.431S30S 


Febiuary9. 1982 


Matsumoto 


as. 4,875.192 


October 17. 1989 


Jamat 


4.703.418 


October 27. 1987 


Horigudu 


U.S. 4.726,02 1 


Febmaxy 16. 1988 


Kia»u 


aS.4.870.S62 


ScpUmber26. 1989 


Kowsmasa 


JapoDcse Patent ApplicatioB 


July 7, 1981 


Hasegawa 


Jopanesa Psient AppGcadoo 
38-186919 /Sho 60.80193 


May 8, 1985 


Kumagai 


Japanese Patent AppHcatfon 
62-185253 /Sho 64.29951 


jBmi«y3l. 1989 


Taguii 


Japanese Patent ^jplicazion 
55-89232 /Sbo 57-14922 


January 26, 1982 


Yama.gucbi - 


Japanese Paxem Applicssiion 
'62-71428 /Shb 63-239676 


. October 5;^J9BB v. V, 


Miyazaici 


Japanese Patent AppKcatioa 
Sbo60.S5459 


March 30, 1985 


HasUmoto et al. 


Japanese Patent Application 
S 61-72350 


April 14, 1986 


Petrich 


U.S. 4^38.569 


July 4. 1989 


ChappeU et al 


U.S. 4,845,677 


July 6. 1982 



PUBLICATIONS 

Authorii^ 
JoihDSOD ct al. 



Pelgrometa!. 
GrovieretaL 
Groveraal. 
Piakham et al. 
IBM 

Walsnabe 

GustavsQD et aL 

Janes 

James 
Gustavton 
Al&es 
Abes 

BakkaeiaL 
fCriftiaasm 



Description 

A Variable Delay Line PLL for CPU- 
Coprecessor Syocfarooization. IEEE 
JSSC;Vol.23,No.S 

A 32 KBIT Variable Length Sliift 
Regincr for Digital Audio AppUcadon. 
ESSORC; pp. 38-40 

Precisioo Tim>TranJfer m Transport 
Netwoiiu Usiag Digital CrossMzmect 
Systems, GLOBBCOM (publicadcm) 

Preosien Tisne-Trassfer bk Tnnspoit 
Networks Usi&g Digital CrossConnect 
Syvtems. GLOBECOM (presentation) 

A High Speed Dual Port Memoiy with 
Simultaneous Serial and Random Mode 
Access for Video Applicaiions 

Fast Packet Bus for KficroprDcessor 
Systems with Caches, IBM TBD pp. 
279-282 . .:-.v.:,.'^-'-Tr:-v:^ :. - . 

Session XJXi High Density SRAMs, 
IEEE ISSCQ pp. 266-267 

The Scalable Coherent Interface Project 
(Supeihus)» Draft 

P1596: Sa A Scalable Coherent 
Interface * 

Scalable I/O Arcbitecnsre for Buses 

Scalable Coherent Interface 

SCL* A Pioposal For SCI Operation 

SCE: A Proposal For SCI Openxien 

SCI Logical Level Proposals 

Sealabitt Coherest later&co 



October 1988 
June 1986 
1988 
1988 

December 1984 
Januaxy 1989 
1987 

August 22, 1988 

November 28. 1988 

November 28, 1988 
November 28, 1988 
November 10. 1988 
January 6, 1989 
January 6. 1989 
Febnuuy 1989 
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Kristianscn Scalable Cobot&t Xnteifbce 

«... BoyseleLal lUndom-Access MOS Monory Facia 

More Bin To The Chip 

' Boyselet. a3 Foor-Phue LSI Logic Offen New 

Approach to Computer Designer 



5epten6er 1989 
Fetaruavy 16,1970 

April 1970 



OTHER PRIOR ART 

PeacriPtian 
Wiggeii' Notes 

Siemens' SDA 90S7 and SDA 9088 istegrsted ctrcuits, 
described to "ICs For Entertainment Hectrooics - Picnirc-io- 
Piclure System" (8/89) 



Date 

March 1987 « 
Jtouixy 1988 

1988*1989 



TQ>?OWLgDGEABLE PERSONS / PRIOR INVEhTTORS 

■ P^sont identified' is'idvcstorv'or wi±on tc the J)Ove prior '^i ' 

David Gustavsoa 
1946 FaDen Lea/Lane 
Los AltM»CA !M024 

JohaMoussouris 

MlcroUnity Syiiems Cngmeenag, Inc. 
376 Mania Aveaue 
Santa av^CA9S050 

David Sealer 

Infineon Technologies North Ameiica Corp. 
1 730 North Ftm Street 
San Jose. CA 951 12 
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Robcix M- Tyler, VSB #37861 
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901 East Cajy Street 
Rjcfamond, Vir^ 23319-4030 
(«04) 775-1000 

C. Toncsce Annstro&g, VSB #13799 

WaireaEZirkle. VSB #15321 

McGUIRE WOODS LLP 

1750 Tysons Boulevard, Suite 1 800 

Md^Vir^ 23103-3892 

(703)712.5000 

OF COUNSEL: 

miQ-AND&ELUS. . 

Qtigroijp Center * 

153 Ban 53rd Street 

New Yoik, New York 10022 

(212)44M800 

ATTORNEYS FOR DEFENDANTS AND 
COU>rrERCLAlM PLAINTIFFS 
INFINEON TECHNOLOGIES AG el ai 
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CERTinCATE Of SERVICE 



] certify tfaax on this 9th diQr ofMareh ZUC'i, a copy of foregoing AMEI^ED 
PRIOR AKT NOTICE PURSUANT TO 35 D^C § 2n was lent to Counsel for Rambus Inc. 
as listed below: 



pYHA^a): 

Michael W. Smiih, Esq..VSB Wl 125 
IL Braxton Hill. IV, Eiq..VSB #41539 
CHRISTIAN & BARTON. LL.P. 
909 East Main Street, Suite 1200 
Richmond, Virginia 23219 
(804)697^113 

David E. Monahan. £s<i. 

Alexander R Rogcxs, Vs<{, 

Sean C. Cucninghsm, l^q. 

Edward H. Sikocski, Esq. 

GRAY GARY WARE & FREIDENRICH LLP 

401 B Street Suite 1700 

- -San-DicPs/CaUfomia 92101-4297 • - - 

(619)236-1048 




563 FM PG 0354 



73^ THE UNITED STATES DISTRICT COORT 
FOR THE EASTSHH DISTRICT OF VIRGIKIil 
Richmond Division 



RAMBUS, INC., ■ 
Plaintiff, 



INFINEON TECHNOUOGIES AG 
and INFINEON TECHNOLOGIES 
NORTH AMERICA CORP,, 



Defendants . 



I L E 



fjffi 15 2001 



CURK. U^. DISTmCT COURT 



Civil Action No. 3:00cvS24 



KEHORAMDOM OPINION 
This action involves four patents and fifty-seven claims. All 
four patents in suit descend from a common progenitor, the 
specification of which controls the patents in suit. The parties 
are in agreement that construction of the claims here at issue is 
confined to construction of eight disputed terms {**bus," **blocJc 
.size," **read r egue s t , if - jjwjc i t e J s.qua s.t , a n s c z i o n r e que s t - " _ 

**first external clock signal," ^second external clock signal" and 
^'integrated circuit device") each of which, with but one 
exception,^ has the same meaning in each claim in issue in all four 
patents in suit. Hence, the agreed upon scope of claim 
construction is to construe the eight terms. 



* The parties agree that all the terms have Che same meaning 
throughout with the exception of integrated circuit device." The 
Defendants contend that this term has a different meaning in one 
patent due to representations made to the Patent and Trademark 
Office during the prosecution of that patent. 
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The parties have briefed the issues, have presented evidence 
at a hearing conducted pursuant to the requirements of Markman v. . 
Westview Instruments, Inc. > 517 U.S. 370 <1996), and have argued 
orally. Against this background, the eight disputed terms, and 
hence the claims, are accorded the constructions set forth below. 

' BACKGROtTND 

In 1990, the co-founders of Rambus, Inc. (*' Rambus"), Hark 
Horowitz and Paul Michael Farmwald, filed a patent application 
describing numerous inventions designed Co increase the operating 
speed of memory devices in computers. The Patent Office 

determined tha*: this application, U.S. Patent App. No. 07/510,898 
("the ^898 application"), actually contained 11 independent and 
distinct inventions, required Rambus to select only one of those 
inventions to pursue in the ^898 application, and allowed Rambus to 
file divisional applications on the Remaining inventions de^^pribed 
in the .^898 application. Rambus did precisely that, electing to 
pursue one invention within the ^898 application and thereafter 
filing ten more applications in the next six months. Subsequently, 
continuation and divisional applications were filed on these ten 
applications; and thus, to date, Rambus has been granted 31 .patents 
based on the 1990 *896 application. Numerous applications are 
currently pending. 

By way of background, the patented inventions have to do with 
computer memory devices* called Dynamic Random Access Memory 

2 
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CORAM") and a system and devices for increasing the speed at which 

data or information is transferred between the DRAM and the Central 

Processing Unit (**CPU") of a computer. The DRAM is a high-spei^d, 

short-term memory device where information being used by the CPU is 

stored. The patents in suit describe numerous inventions 

respecting the memory interface and a new type of "bus** which 

carries information or data. The Tield of Invention'^ section of 

the specification, common to all patents in suit, gives the 

following overview of the inventions: 

(a]n integrated circuit bus interface for 
computer and video systems is described which 
allows high speed transfer of blocks of data, 
particularly to and from memory devices^ with 
reduced power consumption and increased system 
reliability. A new method of physically 
implementing the bus architecture is also 
described. 

U.S. Patent No. 6i 034, 918 (issued March 7, 2000) ("the '918 
patent"), col. 1, 11. 20-25.* ^ 

On August 8, 2000, Rambus instituted this action for the 
infringement of four of its patents against Infineon Technologies 
AG (a German corporation), Infineon Technologies, Inc. (a German 
corporation) Infineon Technologies North America Corp. (a Delaware 
corporation) and Infineon Technologies Holding North America, Corp. 
(a Delaware corporation) (collectively referred to as ^Infineon'') . 

'All the patents in suit, and all the patents springing from 
the 1990 ^998 application, contain the same specification. Tor 
ease of citation, all references to the specification will -bp to 
the *91B patent. 

3 
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The first of the patents in suit, U.S. Patent No. 5,953,263 (issued 
Sept. 14, 1999) Cthe *263 paCenf) , claims a latency invention 
which involves" the use of a programmable lfec|ister on the DRAH chip 
to store a value representative of a time delay. The latency 
invention makes the ORAM response time more predictable because the 
CPU knows precisely when, it will receive data from the DRAM in 
response to a transaction request, thereby allowing the system to 
plan for transfers and improving overall traffic flow over the 
bus.' Claims 1-5, 14, 16-19, 21, 23-25, 27-28, 30 and 32-33 of the 
*263 patent are at issue in this action. 

Secondly, in U.S. Patent No. 5,954,604 (issued Sept. 21, 1999) 
(''the '804 patent") , Rambus claims a delayed lock loop (DLL) on a 
DRAM chip, which allows precise timing of the output of data. In 
essence, the DLL allows the DRAM chip to collect the data from the 
memory cells and then paces the release of that information over 
the bus.' The 'i)LL' be'c6m~es useful when operating the DRAM at high 



' Claim 1 of the '263 patent is representative of this 
invention: 

1. A synchronous semiconductor memory device 
having at least one memory section which 
includes a plurality of memory cells, the 
memory device comprises: 

a programmable register to store a value which 
is representative of a delay^ tiwe after which 
the memory device responds* to a read request. 

4 
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rates of speed.' Claim 26 of the *804 patent is the only claim 
involving this invention at issue in this action. 

The third patent. U.S. Patent No. 6,034,918 (issued Mar. 7, 
2000) C^thc *9ie patent"), covers the variable block size 
invention, which involves the use of circuitry to allow for the 
output of variable-sized blocks of data over the bus in response to 
a transaction request. The additional circuitry allows a user, 
such as a CPU, to select differing sizes or blocks of data, instead 



' Claim 261 of the '604 patent describes DLL in combination 
with the latency invention: 

26. An integrated circuit device having at 
least one memory section which includes a . 
plurality of memory cells, wherein the 
integrated circuit device outputs data on an 
external bus synchronously with respect to 
first and. second external clock signals, the 
integrated circuit device comprises: 

a . first . internal register, to-, stc^re. a -value.-. 
' . which is representative of a number of clock 

cycles to transpire before the integrated 
Circuit device responds to a read request; 

delay locked loop circuitry to generate an 
internal clock signal using the first and. 
second external clock signals; and 

interface circuitry, coupled to the external 
bus to receive a read request, the interface 
circuitry includes a plurality of output 
drivers, coupled to the external bus, to output 
data on the external bus in response to the . 
internal clock signal, synchronously with 
respect to the first and second external clock 
signals and in accordance with the value stored 
in the first internal register. 
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of a single piece of data.* Claims 1-2, 6, 8-9, 13, 15-20, 24-25, 
29-31, 33 and 3^1 of the *918 patent are at issue in this action. 

Lastly,. U.j;. Patent No. 6,032,214 (issued Feb. 29, 2000) (^the . 
''214 patent") claims double data rate ('^ODR") as the invention. In 
general, memory devices send and receive infortnation according to 
a clock contained within the computer system. Cloc)cs are a common, 
but important, feature of all computer systems. Before the DDR 
invention, information was transferred only on the ^tick" of the 
clock. The memory device using that type of transfer regulator, is 
called a Synchronous DRAM, or SDRAM." The DOR invention allows 
information from the SDRAM to be sent out on both the ""tick" and 



' Claim 18 of the '918 patent describes this invention as: 

18 . A method of operation of a synchronous 
, memory device, wherein the memory device 
includes a plurality of memory cells, the 
method of operation of the memory device 

cotnprisesv.., , v . : 

receiving an external clock signal; 

receiving first block size information from a 
bus controller, wherein the first block size 
infounatlcn defines a first amount of data to 
be output by the memory device onto a bus in 
response to a read request, - 

receiving a first request from the bus 
controller; and 

outputting the first amount of data 
corresponding to the first block size 
information, in response to the first read 
requfjst, onto the bus synchronously with 
respect to the external clock signal. 
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the "^tobk" (o: the rising and falling edges) of the computer's 
internal clock, thereby doubling the data output of the SDRAM for 
a givex'i dock rate,* Claims 1-2, 4, G, 9-li, 14-16, 18-19, 21, 24- 
26 and 29 of the *214 patent are at issue in this action. 

Infineon malces, uses, sells or offers to sell, and imports 
SDRAM devices, DDR SDRAM devices and Synchronous Graphics RAM 
C^SGRAM") devices, as well as products, such as computers, servers, 
automated teller machines, telephones and telephone systems and 
point of sale terminals, all of which contain SDRAM, DDR SDRAM or 



• Claim 15 of the ^214, which is representative of this 
invention, covers this invention in combination with the variable 
block size described in the ^918 patent: 

A mijthod of operation of a synchronous memory 
device, wherein the memory device includes a 
plurality of memory cells, the method 
comprising: 

-.'JT* ir-^*T''j'recisivi«g fli^sr"^ block siVe" Iriformation, 
wherein the first block size information 
defines a first amount of data to be output 
onto a bus in response to a read request; 

receiving a first read request; and 

outputting the first amount of data 
corresponding to the first block size 
information, in response to the first read 
request, onto the bus synchronously with 
respect to a first and a second external clock 
signal wherein a first portion of the first 
amount of data is output synchronously with 
respect to the first external clock signal and 
a second portion of the first amount of data 
is output synchronously with respect to the 
second external clock signal. 
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SGRAM devices. Rambus alleges that all of those devices and the 
products and modules into which they are incorporated infringe some 
or all of the patents in suit. Infineon denies thar its products 
infringe any of those patents. 

DZSCUSSZON 

. Z. The Legal Standard 

Patent infringement analysis involves two steps: ascertaining 
the proper construction of the patent claim and determining 
whether the accused method oc product infringes the properly 
construed claim. Vltrenies Corp. v. Coneeptronie. Inc.. 90 r.3d 
1576, 1582 (E*ed.. Cir. 1996). A patent contains two. distinct 
elements: '^First, it contains a specification describing the 
invention ^in such full, clear, concise and exact terms as to 
enable any person skilled in the art ... to make and use the 

same^ t..,^^35 O.S.C... 5.,J..12 ^, .. . Second, -a . patent includes one or " .w^.'^ .-'•-'^''•*p/i=s--*^ 

more ^claims,' which 'particularly poin[tJ out and distinctly 

clai[m] the subject matter which the applicant regards as his 

invention." Markman v. West:vi«>w Instr. . Tnr^ . 517 U.S. 370, 373 

(1996). 

The construction or interpretation of a claim is a question of 
law. Markman v, W^Stvicw. 52 F.3d 967, 979 (Fed. Clr. 1995) (en 
banc), aff'd 517 U.S. 370 (1996). **ll)n interpreting an asserted 
claim, the court should look first to the intrinsic evidence of 
record, i.e.. the patent itself, including the claims, the 

e 
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specification and, if in evidence, the prosecution history. Such 
intrinsic evide^ice is the most significant source of the legally 
operative meaning of disputed claim language." Vitronics , 90 ir.3d 
at 1582 (internal citations omitted) . If the intrinsic evidence is 
insufficient tc resolve ambiguity in the meaning of claims, the 
court may rely upon extrinsic evidence to understand the tecjinoloay 
and to construe the claims. I<j. at 15B4, "Extrinsic evidence is \ 
that evidence vmich is external to the patent and file history, 
such as expert testimony, inventor testimony, dictionaries, and j 
technical trea'zises and articles." Id. Extrinsic evidence,] 
however, may net be used to contradict the claim language or the 
meanings established in the specification. Id. "hny other rule 
would be unfair to competitors who must be able to rely on the 
patent documents themselves, without consideration of . expert 
opinion that then does not even exist, in ascertaining the scope of 



hierarchy of analytical tools. The actual words of the claim are 
the controlling focus." Digital Biometries. Tn^ . y. id^ntlv. m^, . 
149 F.3d 1335, 1344 (Fed. Cir. 1998). Thus, a court should first 
"look to the words of the claims themselves, both asserted and 
nonasserted. to define the scope of the patented invention." 




In the examination of the intrinsic evidence, **there is a 
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Vitronica. 90 ]r.3d at 1582. Ififi Pitngv Boves. Inc. y. H^wlel^t- 
Pacitard Co.. Ifl2 F. 3d 129B, iSOS (Fed. Cir. 1999) ("The starting 
point, for any claim construction must be the claims themselves."); 

CQrp, Y S-^lomQ" S. A.. 191 F.3d 1356, 1362 (Fed. Cir. 1999) 
(*We begin, of course, with the language of the claims"). 

"^The general rule is that terms in the claim are to be given 
their ordinary and accustomed meaning." Id^ |££ also vitronics. 
90 r.3d at 158:;. ''It is the person of ordinary skill in the field 
of the invention through whose eyes the claims are construed. Such 
person is deemed to read the words used in the patent documents 
with an understanding of their meaning in the field, and to have 
Jcnowledge of any special meaning and usage in the field." 
Multiform Desiccants. Inc v. Medzam. Ltd.. 133 r.3d 1473, 1477 
(Fed. Cir. 1998). Notwithstanding that terms in the claim and 
specification are presumed to carry the ordinary meaning that they 
would have to one of ordinary skill in the field, patentee may 
choose to be his own lexicographer and use terms in a manner other 
than their ordinary meaning, as long as the special definition of 
the term is clearly stated in the patent specification or file 
history.'' VjLtgQnJlCS, 90 F.3d at 1582. See also Heeseht Celanesf^ 
rnrn. v. HP rh»>ms . Lrd . 78 F.3d 1575, 1578 (Fed. Cir. 1996), cert, 
denied 519 U.S. 911 (1996) (**A technical term used in a patent 
document is interpreted as having the meaning that it would be 
given by persons experienced in the^ field of the invention, unless 

10 



863 FH PG 0374 



it is apparent from the patent and the prosecution history that the 

inventor used the term with a different meaning") . 

That is, the ordinary and accustomed meaning . 
of a disputed claim term is presumed to be the 
correct one, subject to the following. First, 
a different meaning clearly and deliberately 
set forth in the intrinsic materials — the 
written description or the prosecution history 
— will control. Second, . if the ordinary and 
accustomed meaning of a disputed term would 
. deprive the claim of clarity, then further 
reference must be made to the intrinsic — or 
in some caseS/ extrinsic — evidence to 
ascertain the proper meaning. In either case, 
a party wishing to alter the meaning of a 
clear claim term must overcome the presumption 
that the ordinary and accustomed meaning is 
the proper one, demonstrating why such an 
alteration is required. 

K-2 CQrCL> / 191 F.3d at 1362-63 (internal citations omitted) . Seq 

H9?anftg ftB Y. Pg?3se?; ilindtis,, J.r\c., 9 F.3d 948, 951 (Fed. Cir. 

1993} (""Although a patentee can be his own lexicographer, as we 

have repeatedly said, the words of a claim will be given... their,.. 

ordinary meaning, unless it appears that the inventor used them 

differently.** (internal quotations omitted)). Qt^ Johnson 

worldwide Assoc., Inc. v. Zebco Corp.. 175 r.3d 985, 990 (Fed. Cir. 

1999) (indicating that the patentee must set ^'forth an explicit 

definition for a claim term"). **Thus, second, it is always 

necessary to review the specification to determine whether the 

inventor has used any terms in a manner inconsistent with their 

ordinary meaning." V jLtronics . 90 F.3d at 1582 (emphasis added); 

CVl/0et^ VftPtyres. jing. v, Tuya LP, 112 F.3d has, 1153 (Fed. Cir. 
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1991), eert^ deniad 522 O.S> 1109 (19981 (same). &aa alaa Toro Co. 

Y yhi f c> rnn«>ol idaterf Tndus . . Tnc . ■ 199 F.3d 1295, 1299 (Fed. Cir. 

1999) (""words of ocdi'nary usage must nonetheless be construed in 

the context of the patent documents") . 

The »pecification acts as a dictionary when it 
expressly defines terms used in the claims or 
when it defines terms by implication. . - . 
The specification contains a written 
description of the invention which must be 
clear and complete enough to enable those of 
ordinary skill in the art to make and use it. 
Thus, the specification is always highly 
relevant to the claim construction analysis. 
;jflpa;i,;.v. it is dispositi ve? jt jp fhP single 
best guide to the meanino of a disputed tentu 

v ^ tronics . 90 F.Bd at 1582 (emphasis, added) . The ordinary meaning 

of claim terms is a **heavy presumption" to be overcome. . Johnsoi) 

Wnridw^dP . 17S F.3d at 989- 

As the ttiird category of intrinsic evidence, ^the court may 

also consider the prosecution history of the patent, if in 

evidence. This history contains the cofiplete record of all the 

proceedings before the Patent and Trademark Office ["PTO"]/ 

including any express representations made by the applicant 

regarding the scope of the claims." Vitronics . 90 F.3d at 1583 

(internal citations omitted) . [A] rguments made during prosecution 

regarding the meaning of a claim term are relevant to the 

interpretation of that term in every claim of the patent absent 

some clear indication to the contrary." Southwall Tech. . 54 F.3d 

at 15"?9. **The prosecution history limits the interpretation of 

12 
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claim terms so as to exclude any interpretacion that was disclaimed 
during prosecution*" Jd^ at 15"7€. '^Claims cannot.be construed in 
one way to obtain their allowance and in a different way against 
accused infringers." Saa Digital Biometrics, 149 r. 3d at 1344 

(*'The prosecution history is relevant because it may contain 
contemporaneous exchanges between the patent applicant and the PTO 
about what the claims mean") . 

When consideration of these three sources resolves the 
disputes over the asserted claim terms (as it generally should), 
reliance on e):trinsic evidence to construe the claim is improper. 
vitronics . 90 F.3d at 1S83. This is because the claims, 
specification and file history comprise the public record of the 
patentee's claim, and to allow the public record (upon which 
competitors are entitled to rely when investigating the scope of 
the patentee's claimed invention), to be altered or changed by 
extrinsic- evidence* "is -to- un^erihirne' the notice function of the 
public record. Id. 

The preference for intrinsic evidence, however, does not 
preclude a court from considering or relying upon extrinsic 
evidence: 

VitroniCA does not prohibit courts from 
examining extrinsic evidence, even when the 
patent document • is itself clear. 
Moreover, Vitronic^ does not set forth any 
rules regarding the admissibility of expert 
testimony inr.o nvldcnc^. . . . Rarhnr, 
Vitron^qj merely warned <:ourt:; no»: to r el v on 
extrinsic evidence in claim construction to 

13 
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* contradict the meaning of claims discernible 
from thoughtful examination of the claims, the 
written description, and the prosecution 
history— the Intrinsic evidence. 

putney Boves . 182 F.3d at 1308 (emphasis in original). SS& ftjls^ 

fiPil ft Howell Document Mnamt. Prods, Co. v> Altek SvSw 132 F.3d 

701, 706 (Fed.. Cir. 1997) (**Use of expert testimony to explain an 

invention may be useful. But reliance on extrinsic evidence to 

interpret claims Is proper only when the claim language remains 

genuinely ambiguous after consideration of the. intrinsic evidence. 

..."). 

This is especially the case with respect to 
technical terms, as opposed to non-technical 
terms in general usage or terms of art in the 
claim-drafting art. . . . Indeed, a patent is 
both a technical and a legal document. While 
a judge is well-equipped to interpret the 
legal aspects of the document, he or she must 
also Interpret the technical aspects of the 
document, and indeed its overall meaning, from 
the vantage point of one skilled in the art. 

f ^ t ne V Boweg 1 8 2 F.3d;at i-309. ^ - ■ * . 

Within the category of extrinsic evidence, some types of 
evidence are preferred over others: *'prior art documents and 
dictionaries, . . . are more objective and reliable guides (than 
expert testiirony] . Unlike expert testimony, these sources are 
accessible to the public in advance of litigation. . . . Indeed, 
opinion testimony on claim construction should be treated with the 
utmost caution, for it is no better than opinion testimony on the 
meaning of statutory terms." Id. at 1585. 
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These fundamental precepts Inform and guide the construction 
of the claims at issue in this action. As mentioned previously, 
there are 5*7 -different claims being asserted under the four patents 
in suit and each of those claims are in dispute and therefore must 
be construed. However r in their claim construction briefs the 
parties have circumscribed that rather daunting task by identifying 
eight terms to be interpreted. At the Markman hearing, the parties 
agreed that (with a previously noted exception) these eight terms 
have the same meaning in each of the 51 asserted claims. As a 
result, the claim construction task in this action reduces to . 
construing the eight disputed terms. That task is undertaken 
seriatim, 

IX. Claim Constjruetion 
A. **Bu8" 

.u- Jlf^rJ'^^^^^f dispute t>.» «>e».ning of "^bus" as that tGrm^is .\}se6'' r- -' ' y^'-:^-'-'^-^- 
throughout the claims of the patents in suit. Rambus argues that 
^bus" means any '*set of signal lines (for ejcample, wires) to which 
a number of devices are connected, and over which information is 
transferred between devices." According to Rambus, "the term ^'bus" 
is old and very common in the electrical arts" and, in the patents 
in suit, the term is used in its ordinary and customary sense *as 
a set of signal lines over which Information is transferred."' To 

' Plaintiff Rambus .Inc.' s M^^rtman Brief Concerning Claim 
Construction, p. 13. 

15 
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support ' the contention that this is che ordinary and customary 
construction oj: the term **bus,'' as used in its patents, Rambus 
reXies not upon intrinsic evidencs but upon the extrinsic evidence) 
o£ the TEEE (Institute of Electrical and Electronics Engineers) 
Standard Dictionary of Electrical and Electronics Terms, Fourth 
Ed., IEEE Inc., New York (1988), p. 116, to explain how one skilled 
in the art would understand the term. The IEEE Dictionary defines 
a bus as **a set of signal lines used by an interface system, to 
which a number of devices are connected, over which information is 
transferred between the devices." Id. ' 

Infineon, on the other hand, contends that "^bus" actually has 
a specialized meaning conferred by the specification of the patents 
in suit, which describes and explains the bus and its use with the 
other inventio^ns as the Rambus ""multiplexed bus." Before the ^898 
application was filed in 1990, most buses generally had point-to- 
point interfaces wherein the CPU would communicate with different 
memory devices by different and separate lines. Furthermore, 
within each bus in the prior art, the lines would be dedicated to 

• Of course, a court cannot use an inconsistent dictionary 
definition to contradict the meaning derived from the intrinsic 
evidence, but such definition may be of some assistance to the 
court in interpreting technical terms. See Vanguard Prods. Corp, 
v. Parker Hannifin Corp. . 234 F.3d 1370, X372 (Fed. Cir. 2001) 
(^Although a dictionary definition .may not enlarge the scope of a 
term when the specification and the prosecution history show that 
the inventor, or recognized usage in the field of the invention, 
have given the term a limited or specialized meaning, a dictionary 
is often useful to aid the court in determining the correct meaning 
to be ascribed to a term as it was used.^) 
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carrying' either data, address, control or device-select 
infonnation. In the new inventive Rambus bus, a single, bus is ! 
multiplexsd="sb"t:hot the bus lines carry all the address, control, 
data and device-select inCormatior. over a single bus. in 
Infineon' s view, the use of the term ""bus" throughout the claims is J 
limited to the new inventive bus described in the specification, I 

1. The Claim Language 

The analysis begins by first considering the claim language.* 
Most of the 57 claims at issue use the term '*a bus" or **the bus'' or 
"an external bus." None of the claims, however, expressly define 
the tern ""bus, *' nor do they dispositively support either proposed 
definition. Rather* the claims generally speak of outputting or 
inputting data over a bus. 

Infineon urges the court tc consider the language of claim 26 
of ^ the. '918 patent as .illustrative .o^^^ if. s^yiew^. of the terr..: -v. 



• The term *bus" is used in claims 1, 2, 6, 8, 16, 10, 19, 20, 
24, 33, and 14 of the '918 patent, claims 1, 2, 4, 10, 15, 16, 18, 
and 25 of" the '211 patent, claims 2, 14, 21, and 30 of the' '263 
patent and claim 26 of the '804 patent. 

17 
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26. An integrated circuit device having, at 
least one memory section which includes a 
plurality of memory cells, wherein this 
integrated circuit device outputs data QP Ml 
oxternal bua. synchronous ly^'wtrtt rybpuuL CO 
first and second external clock signals, the 
integirated circuit device comprises: 



interface circuitry, rnnnied co the external 
....iv^ ^ read ^^Cy^^. th« ii^^^^f^^ 
circuitry includes a plurality of output 
drivers, coupled to the external bus, to 
output data on the external bus in response, to 
the internal clock signal, synchronously with 
respect to the first and second external clock 
signals and in accordance with the value 
stored in the first internal register. 

'918 patent, Claim 26 (emphasis added) . Infineon posits that this 

claim calls for data to be output onto the bus, and a read request 

to be received on the same bus , thus supporting its conclusion that 

**bus" means a multiplexed bus.*' While the language of this single 

claim somewhat supports Infineon' s construction, the specification 

-musto-reyiewed i:o-.determ?.r>a .how,.'^trT€'.* iu^eritors— used the 'term "bus"- 

and whether they intended the term to have a special meaning. See 

Wfltt g Y XL Sv.'s.. Inc. , 232 F. 3d 877, 882 (Fed. Cir. 2000) (**One 

purpose for examining the specification is to determine if the 

patentee has limited the scope of the claims"). 'ME]ven if (the 

claims) were clear on their face, [the court] must consult the 



" The testimony of Infineon' s expert, Mr. Joseph McAlexandor 
also supports this conclusion. 5e_e Markman Hearing, Tr. pg . 370 1. 
13 to pg. 371, 1. 19 (explaining that claim 1 of the '918 patent 
clearly indicates that a read request and output data are to travel, 
across a single bus) . 
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specification to determine if the patentee redefined any of those 
terms." IsL. at 883- 



2. The Specification 

A close :study of the patent specification reveals that, not 
only did the inventors act as their own lexicographers in defining 
the term ^bus" to be the new inventive bus, but they also 
repeatedly explained how their various inventions worked in 
conjunction with the new bus, which they describe to be a 
centerpiece of the systems they claim to have invented. 

The specification clearly and unambiguously describes the bus 

of the invention to be the inventive multiplexed bus. In the 

^*Summary of Invention" the specification states: 

The present invention includes a memory 
subsystem comprising at least two 
semiconductor devices, including at least one 
memory device, connected in parallel to a bus 

. ^. . *Sifc&£s f)2 ^ bu^ ^ i nclude? a Bljjxalitv o£ btLS r ' • . r-v -^is^^-r}=^\ ■ 

-'"Jjjn^p^ ^oi: carrying ^^bgtiantiallv all address. 
data and control information needed by said 
memory devices , where the control information 
includes device-select information and the bus 
has substantially fewer bus lines than the 
number of bits in a single address, and the 
bus carries device-select information without 
the need for separate device-select lines 
connected directly to individual devices. 

V918 patent, col. 3, 11. 50-60 (cmphjul.*; added). And again, later 

in the same section, the specification states, **In this system of 

this invention, DRAMs and other devices receive address and control 

information over-.tho bus and f:r.»njmHr- or r>.«:t?ive r:>aus.,Led data 
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over thi» ?q^ne bus. Each memory device contains only a single bus 



interface with no other signal pins." '9X8 patent, col. A, lines 

' 9-13 . (emphasis -added) - See - al^o '918 pctent col. 3, 1. 61 through 

col. 4 1. 1. (the DRAM "^is modified to use a wholly bus-based 

interface rath-sr than the prior art combination of point-of-point 

and bus-based wiring used with conventional versions of these 

devices. The new bus includes clock signals, power and multiplexed 

address, data and control signals"). 

Throughout the *^I>etailed Description," the specification 

repeatedly explains the uise of the new multiplexed bus: 

The present invention is designed to 
provide g high speed, multiplexed ^us for 
communication between processing devices and 
memory devices and to provide devices adapted 
for use in the bus system. 

* * • 

The bus consists of a relatively small number 
of lines connected in parallel to each device 

»i~-jri;5z^=-?.- on- the bus . .. The.. bus , carries ■ sub's t a ncTallY*''aTl^^ - 
address, data and control information needed 
by devices for communication with other 
devices on the bus. In many systems using the 
present invention, the bus carries ^Imost: 
every signal between everv device in the 
*>ntire system. There is po nf>ed for separate 
device-s elect lines since device-select 
information for each device on the bus is 
earrji^d over the bus. There i s no need for 
separate address and data lines becaus^ 
address an d data information can be sent over 
the same lines. 



Virtually all the signals needed by the 
computer' system can be sent over the bus. 



20 



853 FH PG 0384 



I 



^918 patent, col. 5, 11. 29-45 (emphasis added). The inescapable 
lesson that emerges from comparing the claims of the patents with 
the inventors' rfulspme textual description of the invention is that 
the inventions include a new bus and new devices that work with the 
inventive bus, all to the inventor's stated purpose, which Is 
provide a high speed multiplexed bus for conmunication between 
processing devices and memory devices and to provide devices 
adapted for use in the bus svstem. " *918 Patent, col. S, 11. 29"33 
(emphasis added) . 

Additiona.lly, not only does the specification define ''bus" to . 
be a multiplexed bus, but it also sets a background for explaining 
how the inventive multiplexed bus works with various other features 
of Rambus' inventions. Thus, the explanation of the inventions 
also supports the conclusion that the term **bus'f means the 
multiplexed bus. For example, every embodiment described in the 

-speci f ication.ji ;.bus-.4i» . Not .once'^do -^-^'V^ 



" Ififi e.Q. '918 patent, col. 4, 11. 1-4 rin a preferred 
implementation, 8 bus data lines and an Addr^ssValid bus line carry 
address, data cind .control information for memory addresses up to 40 
bits wide.") (emphasis added); ♦SIS patent, col. 5, 11. 59-64 Cln 
the preferred implementation, memory devices are provided that have 
no connections other than the bus connections described herein and 
CPUs are provided that use the bus of this invention as the 
principal, if not exclusive, connection to memory and to other 
devices on the bus.") (emphasis added); '918 patent, col. 8 11. 17- 
25 ("'The preferred bus architecture of this invention comprises 11 
signals: BusData [0:7] ; AddrValid; Clkl and Clk2; plus an input 
reference level and power and ground lines connected in parallel to 
each device .... The bus lines for Du5Datd[0:7] signals form a 
byte-wide, multiplexed data/address/control* bus") . 
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the pate'nts indicate that any of the inventions can, or should be, 
used with the prior art dedicated bus architecture. 

This understanding is confirmed by the testimony of Mr. Joseph 
McAlexander, Infineon' s expert, who explains that the patents 
"describe several bus architectures. But in every instance when 
they describe the bus of the invention it is always a multiplexed 
address, data and control bus." Markman Hearing, Tr, p. 360, 1. 25 
to p. 361, 1. <. Rambus' expert did not refute this conclusion. 

In Toro Co. V. White Consolidated Indus.. Inc.. 199 F.3d 1295 

(Fed. Cir. 1999), the Federal Circuit found it significant that the 

disputed patent contained only one embodiment of the invention. On 

the issue of whether a ''ring'' described in the patent must be 

attached to the ""cover,'' the court noted that: 

The specification and drawings show the 
restriction ring as 'part of and permanently 
attached to the cover. No other structure is 
illus:t rated or described.. . . ^.^ .„ 



. . . This is not simply the preferred 
embodiment; it is the onlv embodlmpnr- ... 

, . . Nowhere in the specification, including 
its twenty-one drawings, is the cover shown 
without the restriction ring attached to it. 

Idj. at 1301. S£s alfiO Q.I. Corp. v. Telcmar Cn. 7nf> US F. 3d 

1576, 15B1 (Fed. Cir. 1997) (rejecting patentee' s argument that the 

invention coulc have smooth or cylindrical walls when ''fa J 11 of the 

"passage' structures contemplated by the written description are 

thus either non-smooth or conical."); G eneral Amer Tr;^ngp. Cerp. 



22 



863 FH PG 03B6 



y. CrvQ-Trkn. Tnc . 93 F. 3d 766, 770 {Fed. Cir. 1996), ceffw, dfin?.fid 
520 U.S. 1155 (1997) (the disputed claim construction was **not just 
the preferred embodiment of the invention; it as che onl^ one 
described. Nothing in the claim language, specification, or 
drawings suggests that any of the [limitations] may be eliminated 
(emphasis in original). Likewise, it is significant here 
that Rambus does not list a single example of how any of the new 
inventions would work with any type of bus other . than a multiplexed 
bus . " 

The Fedec^ll Circuit's holding in Wane Labs., inc. v. Amej:ica 
Online. Inc.. 197 F.3d 1377 (Fed. Ciz, 1999) is instructive as 
well. In Wane , the court considered whether the ordinary and 



^' The failure of the specification to describe any other kind 
of bus in connection with the invention distinguishes the principal 
decision upon which Rambus relies, Johnson Worldwide Assoc., Inc. 

V. Zebeo Corp .. 173 F.Sd 985 (Fed. Cir. 1.999):,... In Johnson , 
Wo r 1 d w^ide f"'th e rederal"-c£Tcui't*p^^^^ emphasis upon" the' fact 

that the disputed claims did not require the narrower construction. 
175 F.3d at 991. The Johnson Worldwide opinion distinguished 
Laitram Coipo. v. Morehouse Indus.. Inc.. 143 F.3d 1456 (Fed. Cir. 
1998) (which adopted the narrower claim construction) because the 
written description in Laitram made clear that the asserted claims 
will bear only one interpretation. In Johnson Worldwide , there was 
no such unambiguous language in the claim; **nothing suggests that 
^heading' is req u ji,^ ,e d to be the heading of a trolling motor." 
Johnson Worldwide . 175 F,3d at 991. 

The facts of Johnson Worldwide are distinguishable from the 
Rambus patents here. The Johnson Worldwide court noted that the 
""many uses of the term throughout the . . . patent are consistent 
with a broader definition" and that the ^[vjaried use of the term 
in the written description demonstrates the breadth of the term 
rather than pzoviding a limited definition." at 991. Thus, 

the dual usage of the term did not create *'a special and particular 
'def initioh" ^'IsL. Here, /there are not varied uses of the term 
^'bus#" only a single multiplexed bus. 
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accustomed meaning of the term "frame" could be overridden by the 

inventor's explanation in the specification: 

The parties agreed before the district court ' 
-that the term '"frame" can in general usage be 
applied to bit-mapped display systems as well 
as to character-based systems .... The 
disagreement was as to whether the tern 
"^frame" in the *669 claims embraced this 
general usage, or whether the term would be 
understood by persons of skill in this field 
as limited to the character*based systems 
desc::ibed in the *669 patent. 

Wang . 197 F.3d at 1381. As is true here, the only system described 
and enabled in the specification and drawings in Wano used the 
narrower, specific arrangement of the character-based system. Id . 
at 1382. The only time that Che patent mentioned non-character- 
based systems was in the ^'Background of Invention" section. Id . 
The federal Circuit agreed with the district court's conclusion 
that those references were merely ac)cnowledgments of the state of 
the prior art, not an enlargement of the patent's invention; and 
that a persorTskiiled iii the field of art would not have understood 
that those references were included in the applicant's invention. 
Id^ Similarly, Rambus is limited to the description set forth in ky^ 
the specification, which is only a description of the multiplexed | ^ 
bus. 

In an effort to distance the claims from the specification, 
Rambus argues that one skilled in the art would recognize that any 
kind of bus could be used with the many inventions of the. 
specification, not just .the new . multipl3}:«d bus. ' The Federal * ' 
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Circuit has rejected this exact argument, which attempts to escape 
the language ot the specification. ^ee Watts , 232 F.3d at 883 
(inventor's arguments that **one of ordinary skill would be aware of 
a myriad ways effect a sealing connection . . . may be true, 
[but] it does not overcome the fact that the specification 
specifies that the invention uses misaligned taper angles^) . The 
fact that the inventions might conceivably be used with any kind of 
bus does not overcome the oft-repeated assertions in the 
specification which describe, and even tout, the new Rambus 
inventive bus while demonstrating that the inventions are to be 
used with the inultiplexed bus. 

' Rambus next argues that Infineon is trying to improperly limit 
the scope of the claim to the limitations described in the 
preferred embodiment. See Karlin Tech., Inc. v. Suraical Dynamics. 
Inc. . 177 F.3d 968, 973 (Fed. Cir. 1999) <**The general rule, of 
: .—'v- courscTT^is- 'that-J'.the "'cl'ai*fr.s" oz « p-s'tcntT^-^dire not- limi't^ed 'to'-^^'the"^ 
preferred embcdiment, unless by their own language."); CVI/Beta 
Ventures , 112 F.3d at 1158 (**as a general matter, the claims of a 
patent are r»ot limited by preferred embodiments"). The 
specification, however, clearly distinguishes between the 
'^invention" of the multiplexed bus and "the preferred embodiment" 
of the bus. The patent often describes the broader invention of a 
bus multiplexed for address, data and control information. This 
description is then followed by a narrower description of the 
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^preferred embodiment' that is an implementation of the multiplexed 
bus. 

For example, the patent states: 

The new bus includes clock signals, power and 
multiplexed address, data and control signals. 
In & pr<>ferred implementati^on, 8 bus data 
lines and an AddressValld bus line carry 
address, data and control information for 
memory addresses up to 40 bits wide. Persons 
skilled in the art will recognize that 16 bus 
data lines or other numbers of bus data lines 
can be used to implement the teaching of the 
invention. 

'918 patent, col. 3, 1. 67 through col. 4, 1. 7. (emphasis added). 
The new multiplexed bus is the broadly defined invention and the 
preferred embodiment has certain characteristics such as 8 or 16 
mutliplexed lines, an AddressValid line, and addresses of up to 40 
bits. Numerous references in the specification highlight these 
differences.^^ Usually, the preferred embodiments described in the 

" e.g. 918 patent, col. 5, 11. 37-50 C^The bus carries 

substantially all address, data, and control information needed by 

devices for corainunication with other devices on the bus. . . , 
Using the organization described herein, very large addresses (40 
bits in the preferred implementation) and large data blocks (1024 
bytes) can be sent over a small number of bus lines 8 plus one 
control line in the preferred implementation).") ; *918 patent col. 
14, 11. 49-67 Cln the bus-bgsed system of this invention" a master 
can use the device ID to access a specific device "^including the 
address and control registers. In the preferred embodiment , one 
master is assigned to carry out the entire system configuration 
process." (emphasis added); *918 patent, col. 16,, 11. 12-21 (*'The 
bus areh iteeture of this invention can include more than one master 
device. The reset or initialization sequence should also include 
a determination of whether there are multiple masters on the bus, 
and if so to assign uniqm! m.'istnr (D numhirr:; lo .o.ich. ' Persons 
skilled in- the art will recognize that there are many ways of doing 
this. For instance , the master could poll each device to determine 
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specification give a technical example of how the overall invention 
works, thus helping to explain the claim language. Although 
claims are not necessarily restricted in scope to what is showa in 
a preferred embodiment, neither are the specifics of the preferred 
embodiment irrelevant to the correct meaning of claim limitations." 
p>^9f)ome tries, line, v. bJorthern Telecom. Inc.. 133 F.3d 1459, 1466 
(Fed. Cir. 1998). Where, as here, the several embodiments 
described in the specification each involves only a multiplexed 
bus* that weighs heavily in construing the term bus to mean a 
multiplexed bus. See Wane , 197 ri3d at 13B3. 

Finally, it is significant that the specification only 
mentions the generic (or ^Medicated") bus architecture in the 
^^Comparison of Prior Art" section. In these references to *'bus/" 
however, the inventors are distinguishing their new inventive bus 
from the prior art. The inventors explain that **(n]one of the 
•^^buses -descrlbecl'^'in"*^- pa tents or other literature' use only bussed 
connections. All contain some point-to-point connections on the 
backplane." *918 Patent, col. 2, 1. 67 to col. 3, 1. 3. Thus, it 



what kind of device it is . . . (emphasis added). 

" For example, the specification explains that the bus of an 
earlier patent (U.S. Patent No. 3,821,715) "multiplexes addresses 
and data over a 4-bit wide bus and uses point-to-point control 
signals to select particular RAMs or ROMs." 919 patent, col, 2 11. 
13-15. The specification also explains that in the ORAM of a 
previous patent (U.S. Patent 4,449,207) *ltlhe external interface 
to ..this DPAM is convention, with separate control, address and data 
connections." '919 patent, col. 2, 11. 32-33. 
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does not help Hambus to point out, as it does» that this text o£ 
the comparison uses the same term (^bus") to describe a completely 
different architecture from the '"new" bus which, according to 
Rambus, means chat the term ^bus" must necessarily encompass any 
set of information transfer lines, including those cited as prior 
art. The "Comparison With Prior Art" section states only what the 
invention does not cover; and, in so doing, the specification 
expressly distr^nguishes the prior art buses from the disclosed bus 
of the invention. Of course, it is settled that **Cc]laims are not 
correctly construed to cover what was expressly disclaimed. 
Culter Corp. v> A.E. Stalev MCo. Co. » 224 F.3d 1328, 1331 (Fed. 
Cir. 2000) {description in specification that distinguished, other 
types of catalysts **effected a disclaimer of the other prior art 
acids"). also Wang . 197 F.3d at 1382 (references to '^bit- 

mapped" protocols in *^Background of Invention" were flcknowTe^^ 
of the state of the art and not an enlargement of the invention 
described in the patent) . The argument which Rambus makes based on 
the term ""bus" as used in the discussion of prior art runs afoul of 
this basic precept of claim construction. 

In a further effort to use the discussions of prior art to 
support its proposed definition of ^bus, " Rambus relies on 
Clearstream Wastewater Svs. v. Hvdro-AetAon. Tnr. . 206 F. 3d 1440 

(Fed. Cir, 2000), to argue that its inventions involve '^combination 
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claims,"' therefore it is entirely permissible to include both the 

new and the generic buses in Its inventions: 

In construing the disputed claim limitations, 
it must be Jcept in mind that the claims at 
issu& in this case are combination claims. 
Combination claims can consist of new 
combinations of old elements or combinations 
of new and old elements. Because old elements 
are part of these combination claims, claim 
limitations may, and often do, read on prior 
art . 

Id. at 1445 (internal citations omitted) . further, Clegggtrsam 
explains that: 

Clearly, the written description does point 
out the disadvantages of the [prior art) rigid 
conduit system and the advantages of the [new] 
flexible-hose system. However, the written 
description does not require that only the new 
flexible-hose system, but not the old, rigid 
conduit system, could be used in the claimed 
wastewater treatment plant. It is well 
established in patent law that a claim may 
consist of all old elements . . . for it may 
be that^ the combination of old elements is . ^.r 

. - -novel ana 'patentiSbiy?^^^^^^^^^^ itf " ' • -^-^ ^ 

established that a claim mav consist of all 
old elements and one new element, thereby 

Xd^ (emphasis added) . 

Infineon properly agrees that combination .claims.. can include . 
some, or even all, prior art elements. However, Infineon also is 
correct in asiserting that the proper framework for the current 
analysis is whether one of ordinary skill in the art would 
understand the Rambus disclosure to assert the combination theory 
recently embraced by Rambus. The patent specification here does 
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not support that theory because, unlike cieArstream, the 
specification in Rambus' patents do hot describe the generic prior 
art bus in combination with any of the claims. Indeed, the 
'^Comparison with Prior Art" discussion is at considerable pain to 
dissociate the inventive bus, and its uses, from the prior art, and 
to establish a similar disconnect of the other inventions from the 
prior art. '918 Patent, col. 2, 1. 7 to col. 3, 1. 47. 

Thus, the specification clearly demonstrates that when the 
inventors used the term ^^bus" in the claims, they were referring to 
the new multiplexed bus described in the specification.^^ Upon 
reading the patent, one skilled in the art would conclude that the 
patentee explicitly defined bus: ''(tlhe present invention includes 
a memory subsystem comprising at least two semiconductor devices . 

. connected in parallel to a bus where the bus includes a 
plurality of bus lines for carrying substantially all address, data 
and control information needed by said memory devices.'' ^918 1.. 
yatknti^co£1^3T^li\' 50-5^'/'^TStning* in the * spec ilic'at ion no |>''' 
drawing and no embodiment - indicates that the bus in the claims| 
has the dictionary definition that Rambus now asserts. 

" Other than the "Comparison with Prior Art" section, the 
patent specification only once indicates that a bus can be anything 
but the multiplexed bus: ""Persons skilled in the art recognize that 
certain devices, such as CPUs, may be connected to other signals 
lines and possibly to independent buses, for example a bus to an 
independent, cache memory, in addition to the bus of this 
invention." *918 patent, col. 5, 11. 54-57. in this reference, 
the inventors clearly distinguish between the multiplexed bus of 
the invention and any other kind of bus to bo usod in the system. 
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■ 3 . The File History 
Despite the obvious descriptions in, and implications of, the 
patent itself, Rambus argues that the patent history teaches that 
the terro '"bus" includes more than just the multiplexed bus. While- 
it is doubtful that a court should look to the patent history to 
contradict the unambiguous meaning described in the specification, 
S£Si M^U-fr^P" D.sicc:ants. 133 r.3d at 1478 («(wlhen the 
specification explains and defines a term used in the claims, 
without ambiguity or incompleteness, there is no need to search 
further for the meaning of the term"), the patent history here does . 
not in any fashion clarify the scope of the disputed term. Rambus 
relies upon two statements made, and actions taken, in the 
prosecution of the patents stemming from the 1990 *B98 application. 

In June 1997,. during the prosecution of the parent 
application** to the *263 patent (which is alao the grandparent to 
rr^vac^-^i.. - the *'^1^8=^p'atcnt) Vhe^*>at«nri't ' Examiner issued a requiremen't 'for 



This application eventually issued as U.S. Patent No. 
5,841,580. 

^"^ When considering a patent's prosecution history, it is 
proper to look to statements made in the prosecution of related 
patents stemming from the same application, as is the case here. 
See Elkav Mfo. Co. v. Ebco Mfg. Co. . F.3d 973, 9B0 (Ted. Cir. 

1999) ("When multiple patents derive from the same initial 
application, the prosecution history regarding a claim limitation 
in any patent that has issued applies with equal force to 
subsequently issued patents that contain the same claim 
limitation."); Mark I Marketing Corp. v. R.R. Donne lley S Sons Co. . 
66 F.3d 285, 291 {Fed. Cir. 1995) ("Thus, the relevant prosecution 
history here includes not only the \659 application S5Ut also the 
parent *615 and grandparent *668 applications*"); Jons son v. 
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restriction under 35 U.S.C. S 121,-' finding that this patent 
claimed two distinct inventions. The examiner divided the claims 
into two group:;, one group describing a plurality of conductors to 
be used with the multiplexed bus and the second group describing an 
access-time register within the memory device (the latency 
invention)." Asserting that the groups were not "connected In 



Stanley Works . 903 F.2d 812, 818 (Fed. Cir, 1990) (prosecution 
history of parent application is relevant to understanding scope of 
claims issuing in a continuation-in-part application) . 

^' A requirement for restriction is issued by the PTO when a 
patent application contains more than one distinctly claimed 
invention. 35 U.S.C. S 121. 

" The June 9, 199"? Office Action explains: 

4 . Restriction to one of the following 
inventions is required under 35 U.S.C. 121: 

Group I. Claims 151-55, drawn to a 
memory device having a plurality of conductors 

an address , classified in Class 365, subclass 
230.02. 

Group II. Claims 156-158, drawn to a 
semiconductor device having at least one 
acct!ss>time register, classified in Class 395, 
subclass 290. 

The inventions are distinct, each from 
the other because of the following reasons: 

5. Inventions I and 12 are disclosed as 
different combinations which are not connected 
in design, operation or effect. These 
coml)inations are independent if it can be 
shown that (1) they, are not disclosed as 
capable of use together, (2) they have 
different modes of operation, (3) they have 
different functions, or {A) they have 
difierent effects. (MPEP 806.04, MPEP 
808.01). In the instant case the combinations 
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design, operation, or effect, " the Patent Examiner required the 
inventors to elect to pursue only one group of claims. Rambus 
prosecuted the claims in Group II (the latency invention), 
resulting in the *580 patent. 

From this action by the PTO and from the fact that the same 
Patent Examiner reviewed the *263 and *918 patents in suit, Rambus 
asks the Court, to make the leap in logic that the PTO must have 
understood that the multiplexed bus was not necessary for every 
other invention arising from the specification. This kind of 
speculation into the motivations of the patent examiner is not 
useful to a reviewing court or a competitor reading the patent 
history. is the aoolicant^s representations during the 

prosecution that potentially shed light on the construction of the 
claims." PftiUaF Corp, V. MQyehQtiflQ In^V?»« Stnffw 143 F.3d 1456, 
1462-63 (Fed. Cir. 1998) (emphasis in original) (rejecting argument 



tsici the memory device in Group I does not 
require the access-time register of Group II, 
and the semiconductor device in Group II does 
not require the plurality of conductor being 
multiplexed to receive an address as claimed 
in (iroup I. 

6. Because these inventions are distinct for 
the reasons given above and have acquired a 
separate status in the art as shown by their 
different classification, and the search 
required for invention I is not required for 
invention II, restriction for examination 
purposes as indicated is proper. 

(emphasis added) . 

33 



863FHPG0397 



that meaning =ould be derived from the representation of the 
reexamination requester) . The snippet of patent history upon which 
Rambus relies only shows that: (a) a single Patent Examiner at one 
time indicated that some claims should not be lumped together, and 
(b) that, rather than making an affirmative response to this 
restriction, F:ambus chose to drop the claims for the multiplexed 
bus and pursue the latency invention. No more can be inferred from 
this exchange. 

Rambus also relies on a second piece of evidence contained in 
the file history. Specifically, in November 1995, a d ifferent 
Patent Examiner rejected claims pending in the grandparent to the 
*804 patent an being obvious in view of prior art reference, U.S. 
Patent No. 5,129,069 to Helm, et al. Under Rambus' view of the 
file history, the Patent Examiner must have equated the generic 
term "bus" (recited in claims 176-181 of the grandparent 
application) with the non-multiplexed bus contained in the Helm 
patent when he initially rejected the claims. NeverthelesSr this 
same Patent Examiner allowed claim. 26 of the *804 patent (which 
contains a reference to an external bus) to issue without requiring 
that the term ^'bus" be limited to a multiplexed bus. Again, this 
kind of guessing as to what a Patent Examiner may have been 
thinking is not generally helpful to construing the claim terms 
because it requires both the court and the public to pour over 
oftentimes complex and voluminous patent histories, speculate as to 
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Che motivation behind an office action, and then follow the patents 
In an effort to divine i/hether that same Patent Examiner may have 
had reason to construe another claim in the same manner. This 
invitation to haphazard guesswork certainly cannot be considered 
sufficiently reliable to trump the clear language of the 
specification. fieg Vitronics . 90 r.3d at 1582 {'^Osually, [the 
specification] is dispositive; it is the single best guide to the 
meaning of a disputed term") . 

Moreover, the standard for construing claims in the patent 
application process is far different than the standard for 
construing claims in a litigation context. Patent examiners 
construe claims under a broader standard than that used by a court 
in undertaking claim construction. The Federal Circuit has held 
that ^(i]t would be inconsistent with the role assigned to the PTO 
in issuing a patent to require it to interpret claims in the same 
manner as judges whO/ post-issuance, operate under the assumption 
that the patent is valid." In re Morris . 127 F.3d 1048, 1054 <Fed. 
Cir. 1997). In the posture of a claim construction during 
litigation, if the intrinsic evidence is ambiguous, **another claim 
construction canon comes into play. Because the applicant has the 
burden to ^particularly point (] out and distinctly claiin(] the 
subject matter which the applicant regards as his invention' 35 
U.S.C. S 112, 1 2 (1994), if the claim is susceptible to a broader 
and a narrower meaning, and the narrower one is clearly supported 
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by the intrinsic evidence while the broader one raises questions of 
enablement under S 112, % I, we will adopt the narrower of the 
two." Dtoital Biometricfl. 149 r.3d at 1344. Sfift fllflfl Athletic 
Alternatives. Inc. v. Prince Mfg. Inc.. 73 r.3d 1573, 1581 (Fed. 
Cir. 1996) (^Were- we to allow AAI successfully to assert the 
broader of the two senses of ^between' against Prince^ we would 
undermine the fair notice function of the requirement that the 
patentee distinctly claim the subject natter disclosed in the 
patent from which he can exclude others temporarily.") Therefore, 
even if one were to conclude that the patent history casts doubt on 
the clear meaning of the specification (which it does not) , Rambus 
should be limited to the embodiment and description of a 
multiplexed bus set forth in the specification because it is the 
narrower of the two constructions. 

The simple fact here is that reference to the file history 
does not contradict the clarity given by the specification. What .^.-.^ 
Rambus has done is fixate upon two isolated events in the file 
history and, without connecting them to the issued patents, urges 
the Court to ascribe significance to the events by divining what an 
examiner must have meant by directing a certain action. That kind 
of sophistry is not among the tools available for claim 
construction under the carefully defined protocol established for 
that task by the Federal Circuit. 
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4 . Claim Dl££eronbia'tlon 
Rambus relies on the doctrine of claim differentiation to 
support its contention that *bus" means only a '^generic" bus. The 
doctrine presumes "^a difference in meaning and scope when different 
words or phrases are used in separate claixns. To the extent that 
the absence of such difference in meaning and scope would make a 
claim superfluous, the doctrine of claim differentiation states the 
presumption that the difference between claims is significant," 
Toro Co. . 199 F.3d at 1302 (Fed. Cir. 1999) (quoting TflntiPn Cpcai . 
Y ^^r^^t>^ti gfatP.a Int'l Trade Comm'n, 831 F.2d 1017, 1023 (Fed. Cic. 
1987)}. Rambus highlights the claims contained in Rambus U.S. 
Patent No. 5,983,320 (the *320 patentl,*' in which the independent 
claims of the '320 patent cover the concept of the **new" 
multiplexed bus. Each claim contains qualifying language to limit 
the bus to one that carries multiplexed address, data and control 
- -inforrnat icn_ over ^^tjt^^ same bi:s% .-.Foe exampla, claix T.^cr chot jpstent . 
cXaims a method for programming memory having a bus, where the bus 
"comprisCesJ a group of general purpose signal lines carrying 
substantially all of the time-division multiplexed address, data 
and control information for a memory transaction, wherein the 

*° The *3i!0 patent is a "sister" or **brother" patent to the 
'604 patent. Rambus bases the notion of cros5->patent claim, 
differentiation on footnote 2 of Laitram Corp. v. Morehouse Indus.. 
Inc. 143 r.3d 1456, 1460 n.2 (1998). Because the argument of 
claim differentiation fails for other reasons, ic is assumed, 
without deciding, that this is a proper use oi related patents and 
their prosecutions. 
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address infomacion is indicative of a range of addresses for a 

corresponding one of the individually addressable discrete memory 

sectiona of the memory device . . Therefore. Rambus argues 

that/ when it wanted to limit the term "bus* to a bus that carries 

multiplexed information, it knew how to do so. 

This argun»ent is unavailing because it too contradicts the 

clear meaning of the specification. «The doctrine of claim 

differentiation, cannot broaden claims beyond the scope that is 

supported by the specification." ftTD Cgrp. v . ^v;i^J>L ^H<?^/ 159 

F. 3d 534, 541 (Ped. Cir. 1998) . £££ &i|g Mti^i^onn De?iccant;:s, 133 

r.3d at 1460 (same). '^Although the doctrine of claim 

differentiation may at times be controlling, construction of claims 

is not based solely upon the language of other claims; the doctrine 

cannot alter a definition that is otherwise clear from the claim 

language, description, and prosecution history." O . I « Corp . v . 

Tekmar Co.. Inc :.. 115 F.3d 1576, 1582 (Fed. Cir. 1997) (concluding 
. _ :.o«i-rS'*:^ .^^*-*rv;;» - • 

**that the description provides a clear meaning for the language of 

the claim in this case and that it truinps the doctrine of claim 

differentiation"). SS£ Tore Co. , 199 F.3d at 1302 (claim 

differentiation *Moes not override clear statements of scope in the 



According to Rambus « other Rambus patents include similar 
limiting language: U.S. Patent No. 5,995^443, Claim 33 (^the bus 
further includes a plurality of conductors terminated by an 
impedance to a power source") and U.S; Patent No. 6,032,215^ Claims 
33 and 37 (same) and Claim 38 (^'the bus further includes a 
plurality of conductors wherein each conductor is terminated at an 
end by a resistor t« a power terminal.") 
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specification and the prosecution history") . "The presumption that 
separate claims have different scope Us a guide, not a rigid 
rule.'" ATP Corp. - 159 F-3d at 541 (quoting ft^toglro Cfl. 9^ ftm>,^ga . 
nnifPd States . 384 F.2d 391, 404 (1967)). Having determined that 
the written specification limits the term ^^bus" to a multiplexed 
bus, it would be impermissible to allow Rambus to rely upon claim 
differentiation (citing to pther patents) to broaden the meaning of 
the tenri." • 



5. The Extrinsic Evidence 
A review of the intrinsic evidence clearly demonstrates that 
when the term "bus" is used in the claims, it means the new 
inventive Raml^us multiplexed bus. ""Because the intrinsic record is 



Along these same lines, Rambus argues that the claims of the 
original *89& application specifically claim a multiplexed bus, 
therefore the reasoning behind claim differentiation would apply to . 
give -^r:i>U5iI^a.,9ej?ftrlc raeani ng within the-^spccificat ion "because ' t'ffe '"' 
original claims are part of the specification. Ses In re Dossel . 
115 r.3d 942, 945 (Fed. Cir. 1997) (**The statute thus ma)ces. clear 
that under current law the specification of a patent consists of, 
and contains, both a written description of the invention and the 
Claims."); Northern Telecom. Inc. v. Dataooint Corp.. 908 F.2d 931, 
938 (Fed. Cir. 1990) (''The original claims as filed are part of the 
patent specification.") However. Possel explains that "(ni)odern 
usage ... does not always conform to that statutory structure. 
For example, when discussing the process of claim eon struct: ion, it 
is not unconunon for the process to be described as requiring an 
examination of the claims , the specification, and £he_PCQj5 ecution 
history ^ treating them as distinc^ entities.'' 115 F.3d at 945. To 
the extent that the claims of the original application (which never 
issued) # indicates that the inventors distinguished between the new 
multiplexed bus and a generic bus, this difference does not trump 
the clear descriptions, in and implications of the written 
description. 
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clear, . (the court! do(es| not give weight to an inconsistent 
dictionary definition," Dioital Biometrirs. 149 F.3d at 1346, as 
offered by {Iambus. 

A reading of the entire specification, without parsing it into . 
individual quotes, unmistakably conveys that one of the primary 
benefits of every invention claimed in the patents in suit, and 
described in the specification, is to increase the speed of 
operation of the memory device. High speed access is the crown 
jewel of the specification and to that end, the multiplexed bus, in 
combination with the other inventions, increases the transfer 
speeds and decreases the amount of space occupied by the transfer 
lines. One skilled in the art reading the specification would 
certainly conclude that the ^bus'' meant to be used with the 
inventions is the new, inventive, high-speed, multiplexed bus. 
This conclusion is supported by the testimony of Joseph 
,^MC:^lexande r , ,an, expe rt. who is r^exReriencGd - in -r.ii ha a* t 'i;ri'd-'^whOd& 
explanation for reaching that conclusion is highly credible because 
it is fully consonant with the specification and the claim language 
as explicated by the specification." Mr. McAiexander' s testimony 



" Sfifi Martonan Hearing, Tr. p. 379, 1. 20 to p. 380, 1. 3 (Mr. 
McAiexander states, '^Because the patent very strongly distinguishes 
numerous times the multiplex bus of the invention from the prior 
art, and states specifically in numbers of places, that the bus 
architecture of this new bus design is essential for the type of 
high speed activity that is required across the bus, and it 
distinguishes from the prior art because the prior art is stated 
not to be able to give that high speed type of transaction.") 
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is consistent with, and complimentary of, the intrinsic evidence.** 
On the other hand, the testimony of Rambus' expert, Dr. William 
Huber, is at odds with the intrinsic evidence and depends on a 
dictionary definition (other extrinsic evidence) that is not 
consistent with the many descriptions given by the inventors in the 
specification. 

6. Construction 

For the foregoing reasons, the term ''bus" means a multiplexed 
set of sign<il lines used to transmit address, data and control 
information. 

B. "Block Size Information" 

In Rambus' invention, the user can specify the amount of data 
to be transferred over the bus during a bus transaction. This 




as to exactly how this value is to be measured. Rambus argues that 
"^bloclc size" is ''the number of sequential data bits to be read from 
or written to the memory.'' . In essence, Rambus reads block sire to 
be a function of the number of sequential transactions on a bus 
necessary to respond to the transaction request. Infineon posits 
that "block size" ""specifies the total amount of data that is to be 

other portions of Mr. McAlexander' s testimony generally 
support this construction. See Markman Hearing, Tr., pg. 361, 11. 
14-24; pg. 364, .1. 22 to pg. 365, 1.22; pg. 36?, 1. 11 to pg. 368, 
1. 13; pg. 11. 3-19. 
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transferred on the bus in response to a transaction request." In 
other words, Infineon measures block size as a function of size or 
the amount of data to be transferred over the bus. 

1 . The Claim Language 
The term •'block size" occurs numerous times throughout the 
claims of the ^918 patent and the *214 patent." Most of the claims 
indicate that block size information defines the amount of data to 
be output or input by the memory device." Indeed, there is nothing 
in the text of any claim which employs the term ''block size" to 
indicate that '*block size" means anything other than the amount of 
data to be transferred on the bus . in response to some sort of 
transaction request. Thus, from reading the language, of the' 
claims, one skilled in the art would conclude that block size 
information is an instruction indicating the amount of data to be 
output (or input) by the memory device. 



" Sfie claims 1, 2, 6, 9, 13, 15, 16, 18, 19, 20, 24, 29, 30, 
31, 33, and 34 of the *918 patent and claims 1, 4, 6, 9, 10, 15, 
16, 18, 21 and 25 of the '214 patent. 



See e.g. '918 patent, claim 1 ("first block size information 
defines a first amount of data to be output by the memory device. 
. - ."); *918 patent, claim 6 C^the memory device outputs the first 
amount of data corresponding to the first block size information. 
. . *918 patent claim 13 (**the first block size information is 

a binary repr<3sentation of the amount of data to be output after 
receipt of the first read request."); *214 patent, claim 1 C^first 
block size information defines a first amount of data to be output 
onto a bus. . , ,"); *214 patent, claim 6 ("^first block size 
information is a binary code indicative of the first amount of data, 
to be output in response to the read request") . 

42 



863 FH PG 0406 



Rambus nonetheless urges that block size means **the hunJoer of 
sequential data bits to be read from or written to the memory" 
(presumably in response to a transaction request) P*rab'.i5 does not 
identify any aspect of the claim language that would support its 
preferred definition. Additionally, it is worth noting that 
nothing in the claim language has been cited, or for that matter 
argued, as supporting the temporal or order requirements which 
would inhere In a sequential-based definition. 

2. The Specification 

In general terms, the specification explains that ^Mo]ne 
object of the present invention is to use a new bus interface built 
into semiconductor devices to support high-speed access to large 
blocks of data from a single memory device by an external user of 
the data, such as a microprocessor, in an efficient and cost- 
,^ effective manner^v" /.^3.8 patent, col- 3,, lines 21-25 (emphasis-^.. ^ sr- 
added). See also *91B patent, col. 4, lines 15-16 ("'The bus 
supports large data block transfers . . . 

In discussing the preferred method of Device Address Mapping 

and the address registers therein employed, the specification 

explains that: 

The address registers can include a single 
pointer, usually pointing to a block of known 
size , a pointer and afixed or variable block 
size value or two pointers, one pointing to 
the beginning and one to the end (or to the 
**top" and "bottom'' of each memory block. - 
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*918 Patent, cel. 7, 11. 36-41. This text and that which follows 
it clearly bespeaks volume oc amount as the measure of a block, not 
sequence or time. 

The . several . other references to block size in the 
specification also teach that the term relates to amount of data 
not the order and timing of bits of data in a particular sequence.*** 



3. !Cbe Extrinsic Evidence 

The construction offered by Rambus purports to be grounded in 

a table in column 11 of the specification. The table is In a 

section which refers to the preferred embodiment detailed in Figure 

4 of the patent.'* The specification states: 

BloctcSize to : 31 specifies the size of the data 
block transfer. If BlockSize(O) is 0, the 
remaining bits are the binary representation 
of the block size (0-7). If BlockSize[0} is 
1, then the remaining bits give the block size 
as a binary power of 2, from 8 to- 1024. A . 
. - :• zeroriength .block- can be interpreted 'Ha s"''"a^*^^^^^ 
special command, for example, to refresh a 
ORAM without returning any data, or to change 
the DRAM from page mode to normal access mode 
or vice-versa. 



" *918 Patent, col. 11, 11. 1-5, 11. 41-48/ col. 16, 11. 26- 
35, 11. 44-47; col. 17, U. 1-2; col. 20, 11. l8-2:>. 

" Figuce 4 is replicated later in the Memorandum Opinion at 
II. C. 2, 
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Persons skilled in the art will recognize that 
other block size encoding schemes or values 
can be used. 

»91B patent, cel. 11, 11. 41-63." 

Rambus uses Table 11, as interpreted by its expert, Dr. Huber, 
as the basis for its construction that block size information is 
the number of sequentiel transfers necessary to carry the desired 
information over the bus line. The table is but one of many 
encoding schemes and does not purport to define or explain the 
meaning of block size generally. According to Dr. Huber, the block 
size indicated in the chart corresponds to the number of sequential 
transfers... -r«ec«ssar.>v, tc output -"'the data onto"'' chs^-^Vre^'srrcd " 
embodiment 8 -line bus. That is certainly not apparent from the 
patent document. Furthermore, during the ^artan^^ hearing. Dr. 
! Huber connected almost all of his opinions, not to the patent 
. specification, but rather to a prepared animation demonstrating how 
I block size should be measured as sequential transfers of data. The 
reason for such reliance seems quite clear — there simply is no 



During the MarVman hearing, the parties agreed that the ^'S" 
contained in the second row of the chart is incorrect due to an 
apparent copying error, this number should be an "8." 
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support • in the patent document. Also, that view is flatly 
contradicted by Infineon' s expert who explained that block sire 
contains infonnation specifying the total amount of dat^ that is to - 
be transferred. See MarJonan Hearing, Tr. pg. 442, 11. 11-19. Mr. 
McAlexander has testified that 'Mtjhe person of ordinary skill in 
the art would come to [the conclusion) that block size . , . means 
amount, and in just a plain, simple ordinary meaning of size is 
a[n] amount, it's not when or how." Markman Hearing, Tr. pg. 439, 
11. 11-16 (testimony of Mr. McAlexander). 

4. Coastruction 

Infineon' s construction is grounded in the specification and 
the claim language because both sources of information rather 
clearly reflect that block size is an amount of data, not the order 
in which it is delivered. There is nothing in the specification to 

support Rambu:3' somewhat contorted definition -of block size. It - ,*.-/=r^^ 
Simply defies reason (and the specification) to conceive of size as 
a measure of time. 

Moreoverr the construction urged by Rambus utterly ignores the 
clear language of the claim that block size is associated with a 
transaction request. ( See , e.g. , *918 Patent, Claim 1-7 and all 
other claims <8 through 38) dependent upon Claim 1-7). Infineon's 
definition encompasses this connection and, for that additional 
reason, it is the definition that is necessitated by the claim 
language and by the specification. Thus, *'block size'' is construed 
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to mean *infortiation. that specifies the total amount of data that 
is to be transferred on the bus in response to a transaction 
request.'' 

C. "Read Requost," **Wxite Request," and ^'Transaction 
Request" 

The next three disputed terms are closely related, and, as the 
parties agree. It is appropriate to accord joint consideration. 
The purpose of memory devices ( i.e. , a DRAM) is to store data for 
later use- To this end, when a controller (or master) accesses the 
memory device to either store or retrieve data, it must send that 
device an instruction indicating what type of transaction is to be 
performed. At the most basic level, a read request is an 
instruction to the memory device to read data from the memory 
cells; a write request instructs the memory device to write data to 
^;.-*^_^r*.. . xhe- memciry^^ii^rMs^i^irrid e' transect ion rsque¥t instructs =''the insnic'ry 
device to perform some function, which could include reading or 
writing data. The controversy surrounding these terms involves 
whether these requests must contain not only the instruction of 
what action to perform (found in an *'AccessType" field) , but also 
must include address information indicating where in the memory 
cells the data should be read or written. Rambus contends that 
read, write and transaction requests contain only the instructioj} 
of what action to perform. For example, it proposes that read 
request be defined as **an* instruction to read data from specified 
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memory celKs} of the memory. This instruction is specified by a 
binary code'^ provided to the memory device during a single clock 
cycle and rec€;ived by the memory device in response to a clock 
transition." 

Infineon, on the other hand, argues that such requests must 
contain both the instruction of what kind of action to perform and 
address information indicating where that action is to occur on the 
memory device. Address information, containing both row and column 
identifiers, tells the memory device where the desired data is 
located (or to be located) within the plurality of the memory 
cells. In Infineon' s construction, a '''read request' means 'a 
series of bits transmitted over the bus that contain multiplexed 
address and control information needed to request a read of data 
from a memory device*'" In addition to objecting to the failure of 
Rambus' definition to include address information, Infineon 
'disagrees iSith ''^Ke'^Timi'tatTons * inherent in Rambus' definition, 
specifically the requirements that the request be a '^binary code," 
that it can be no longer than ''a single clock cycle" of 
information, and that it must be "^received in response to a clock 
transition." In its view, these limitations are not required by 



Binary code, a term not in dispute here, is ''a code that 
makes use of members of an alphabet containing exactly two 
characters, usually 0 and 1." IEEE Standard - Dictionary of 
Sieccricai and Electronics Terms, 4th Ed., ICCC, Inc. NY, 4th Ed. 
Pg. 95. 
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the intrinsic evidence/ and in some cases are actually inconsistent 
with the embodiments disclosed in the specification. 



1. The Claim Language 
Both parties agree that the terms ""read request," ^'write 
request," and ^'transaction requests" are not terms of art and were 
used for the first time in the 1990 ^898 application. Therefore, 
there is no ordinary and accustomed meaning for these terms. Some 
information/ however, can be gleaned from the language of the 
claims.'^ 

Infineon uses the language of claim 1 of the '918 patent, 

claim 1 of the *214 patent, claim 1 of the *263 patent and claim 26 

of the '804 patent to demonstrate that all claims require that a 

device respond to ^read request': 

1. A method of controlling a synchronous 
jT^:^^ -vc insKC ry de vi'ce't ■ "herein -'-lfh'c^^ - ■ • 

includes a plurality of memory cells, the 
method of controlling the memory device 
comprises : 

providing first block size information to the 
memory device, wherein the first block size 
information defines a first amount of data to 



" The term '*read request" occurs in claims 1, G, 8, 13, 18, 
19 24, 29, and 34 of the '918 patent; claims I, 2, 6, 14. 15, 16, 
18, and 29 of the '214 patent; claims 1, 2, 14, 24, 15, 27, and 30 
of the '263 patent; and claim 26 of the '804 patent. 

The term *'write request occurs in claims 2 and 20 of the '916 
patent. 

The term ''transaction request" occurs in claims 18 and 25 of 
the '263 patent. 
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^916 patenc^ claim 1 (emphasis added) . 



1. A method of operating a synchronous memory 
device, wherein the memory device includes a 
plurality of memory cells, the method 
compirising: 

providing first block size information to the 
memory device/ wherein the first block size 
information defines a first a mount o f data to 
h^ output onto a bus in response to a read 
XSflUatSl • • • 

^214 patent, claim 1 (emphasis added) . 

1. A synchronous semiconductor memory device 
haviag at least one memory section which 
Inciades a plurality of memory cells, the 
memory device comprises: 

a programmable register to store a value which 
is representative of a delay time after which 

^ , the ipernggy <^RV^g^ rgsoonds to a read request . 

*263 patent, claim 1 (emphasis added).' 

26. An integrated circuit device having at 
least one memory section which includes a 
plurality of memory cells, wherein the 
integrated circuit device outputs data on an 
external bus synchronously with respect to 
first and second external clock signals, the 
integrated circuit device comprises: 

a first internal register to store a value 
which is representative of a number of clock 
cycles to transpire y^^fr^ro rh^^ f. n ^ e ar a tQd 
circuit device responds to a reqd reouesf . . . 

*804 patent, claim. 26 (emphasis added). 



50 



863 FH PG0414 



The- claims clearly so provide. Indeed, all but two of the 
disputed claims containing these temis" explicitly state that 
informat^Lon is supplied- ''in rasponse to" a read request, a write 
request or other transaction request. It is, of course, true, as 
Infineon contends, that, in order to "respond" to a request (1^^ 
outputting or inputting data) , the desired response can only occur 
if the selected device is given the information necessary to 
generate that response. Because one of ordinary skill in the art 
would understand that both address and control information are 
required for the memory device to respond to a refjuest, that 
request must contain more than just the binary code or '^AcccssType" 
suggested by Rambus. Given the nature of the information and the 
way the invention works, it seems self-evident from the claim 
language that a request is, as Infineon posits, a series of bits 
transmitted over the bus containing address and control 
"•ihib'^Tnarion/ ' This ■ conclusion" is" further buttressed by the 
explanations of Mr. McAlexander. Se£ Markman Hearing, Tr. pg. 417, 
11. 18-25 <**certainly the read has to have some control. It tells 
you what kind of transaction is being requested. If the memory is 
to respond to that, it must know where to respond from, what 

Indeed, of those claims mentioning read request, write 
request and transaction request,, only claims 14 and 29 of the '214 
patent do not explicitly mention that the memory device is to 
respond to the read request and even those mention a read request 
in such a way as to indicate that the term means there what it 
means elsewhere (Claim 14 **before executing another read request"); 
(Claim 29 ^'after executing another read request.'') 
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address"). Thus, the claim language, although not dispositive, 
strongly supports the view of read, write and transaction request 
t a ken By I n £ ineibn - ' 

2. ThQ specification 
Although not discussed as extensively as other terms, such as 
'"bus," the terms here at issue are the subject of explication in 
the specification. For example, in the **Comparison With Prior Art" 
section, the inventors explain: 

Yet another object of this inventiQjg is to 
provide a meTHocI for transferring address, 
data and control information over a relatively 
narrow bus and to provide a method of bus 
arbitration when multiple devices seek to use 
the bus simultaneously. 

^918 Patent, col. 3, 11. 35-39 (emphasis added). This statement of 

object remarks the key role of address, data and control 

information. And, as explained in the cited text, and^ above in, _ 

construing the term "^bus," the significance of the invention of the 

system is to accomplish quickly the commands necessary to initiate 

a request and secure a response. 

Then, in the ensuing ^'Summary of Invention" discussion, the 

inventors say that ^'[iln this system of the invention, DRAMs and 

other devices receive address and gentrnl infftrma^iftn over. the bus 

and transmit cr receive reouested data over the same bus." '918 

Patent, col. 4, 11. 9-Xl (emphasis added). Though not explicitly 

mentioning a '^request," this quoce lends credence to the basic 
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notion that a memory device should receive both address and control 
information in order to be able to transmit or receive data. 

' Then, shortly thereafter, in describing a preferred 
Implementation of the invention, the specification explains how a 
bus transaction is initiated "by sending a request packet (a 
sequence of bytes comprising address and control information)." 
'918 Patent, col. 6, 11. 60-63). This, too, teaches that a 
request (be it a read request, write request, or transaction 
request) includes the address and control information necessary to 
accomplish the request." 

Having established that the specification contemplates both 
address and control information are needed for a response, it is 
necessary to ascertain whether a read request should contain hoth 
categories of information. The definition which Rambus presses 

proposes than a transaction request would consist only of the 

'^AccessType" found in the top row** of Figure 4, the preferred 
embodiment* 



" Again, this conclusion is supported by the expert testimony 
of Xnfineon's Mr. McAlexander. Sgs Trans, pg. 417, lines 20-22 
found the control and address information were required in every 
instance that it was addressed in the specification"). 

^* As shown in Figure 4, the rows represent time or clock 
cycles. 
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In Che preferred embodiraeni, the AccessType instruction, which 

contains the control infocmation specifying the type of request, 

would be a binary code 4-bit5 wide. The specification explains: 

The AccessType filed (sifi: field] specifies 
whether the requested operation is a read or 
write .... In a preferred implementation, 
AccessType [0) is a Read/Write switch: if it is 
a 1, then the operation calls for a read from 
- the. ..slave (the. ^laye to ^ read the requested - 
"'memoFy block "and" drive^the'^ memory contents 
onto the bus); if it is a 0, the operation 
calls for a write into the slave (the slave to 
read data from the bus and write it to 
memory) . 

'918 patent, col. 9, 11. 47-S6. Rambus would limit the terms ^read 
request, ^write request'' and transaction request" to only this 
AccessType' field* In contrast, according to Infineon' s 
interpretation, the requests must contain both the AccessType 
control information and the address information indicated on the 
remaining row'i of Tigurc 4. To support its definition, Infineon 
points to the following passage from the specification: 
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In a preferred implementation of the 
invention, to initiate a bus transfer over the 
bus, a master sends out a request packet, a 
contiguous series of bytes containing address 
and control information .... 

The device-selection function is handled 
using the bus data lines. AddrValid is 
drivun, which instructs all slaves to decode 
the :request packet address, determine whether 
they contain the requested address, and if 
they do, provide the data back to the tnaster 
(in the case of a read request) or accept data 
from the master (In the case of a write 
request) in a data block transfer. 

^918 patent, col. 8 1. 66 through col. 9/ 1. 4. The specification 

also explains that **[i]n some cases, a slave (memory device] may 

not be able to respond correctly to a request, e.g. for a read or 

write. In that situation, the slave should return an error message. 

... or a retry message.*' ^91.8 patent, col. 12, 11. 4-8. These 

references and others'^ illustrate that the memory should respond 

to the request. In order to respond, the memory device also must 

.rbe giveh' *^ address ■ information specifyihg-^Wtiere - the''^ai:a is to' 6^ 

read or written. 

Additionally, though one mujst understand the technology to 

comprehend the import of the statement, the specification actually 

states that address rows are to be accessed during a request. The 

patent explains that the DRAM sense amps should be pre-charged and 



" See e,o. *918 patent, col. 8, 11. 48-49 (*a slave should 
preferable respond to a request in a specified time"}; *916 patent, 
col. 8, 11. 2<:-29 (''AddrValid is used to indicate when the bus is 
holding a valid address request, and instructs a slave -tc decode 
the bus data as an address and, if the address is included on that 
slave, to handle the pending request." 
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•^Itjhis precharging allows access to a iQw in the RAM to begin as 
soon as the access request for either jnout? f.wir^t^sT pg Outputs 
f reads) Is received and allows the column sense amps to sense data 
quickly." *918 Patent, col. 10, 11. 21-24 (emphasis added), 
Because one skilled In the art would recognize that *row" refers to 
a particular location on the plurality of memory cells, it follows 
that address information must be conveyed in order to access that 
row. That address information is contained in *'the access request 
for either inputs (writes) or outputs (reads)." 

Rambus dafinition would only indicate what type of operation 
to take place. Markman Hearing, Tr. pg. 122, 11. 11-13 

(testimony of Dr. Huber) (*'We don't need the rest of the 
information (address information] to know that it's a read 
request") . The specification and the claims,, however, clearly 
demonstrate the memory devices are not only to recognize the 
requested operation, but also respond to the request. Even Dr. 
Huber admitted that address information roust be received for there 
to be a response. Dr. Huber took the view that this infonoation 
could be conveyed at some other unspecified time. Se^ Markman 
Hearing, Tr. pg. 141, 11* 20-22 (testimony of Dr. Huber). That 
approach is untenable because nowhere in the specification is it 
mentioned that address information should be sent at any other time 
than contemporaneous with the request. 
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Nor does the specification support the other foundational 
components of the narrow view of these terms expressed by Rainbus. 
The construction urged by Rainbus essentially attempts to equate the 
term "read recyjestr with "AccessType. " as shown in Figure 4, as the 
predicate for its requirement that **a read request" must be a 
binary code, occur in a single clock cycle, and be in response to 
a cloclc transition. The specification offers no warrant for such 
a limited construction, and, as Infineon points out, Rainbus here is 
attempting artificially to limit the invention to the preferred 
embodiment of Figure 4, which describes a bus transaction that uses 
the preferred implementation of a .9-bit wide external bus. See 
»918 patent, col. 9, 11. 26-27 (''Each request packet uses, all nine 
bits of the multiplexed data/address lines") . Because Figure 4 
indicates that the AccessType is only 4-bits wide, it is possible 
for Rambus' proposed definition to occur in a single clock cycle. 
^ However^ this requirement istems solely from Rambus' view that 
AccessType is. a request. If a request contains both control and 
address information, then this would not be true. See Markman 
Hearing, Tr. pg. 431, 11. 8-12 (testimony of McAlexander) (^'There 
is a specific control set of bits called the access type that does 
occur as a set of bits in a particular single cycle as shown in a 
preferred embodiment, but all that does is establish the type.") 
Similarly, there is nothing in the specification to support Rambus' 
requirement that the trcnsaction request be received by the memory 
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device in response to a cloclc transition. Markman Hearing, Tr. 

pg. 432, 11. 2-9 (testimony of McAlexander) (indicating that 
nothing in the specification supports this requirement) . 

Rambus contends that Infineon' s construction incorrectly 
equates '^read request" (or *write request" or ^* transact ion 
request") with a request packet, arguing instead that a read 
request is actually a component of a request packet. For example, 
the specification states that **FIG. 4 shows the format of a request 
packet." ^918 patent, col. 4, 1. €6. It also explains that, in a 
preferred implementation, "a master sends out a request packet, a 
contiguous series of bytes containing fltfdpegS anci cop.tCQi 
information ." '918 patent, col. 8, 11. 60-63. The criticism is 
superficially appealing; however, the confusion results in large 
part from the fact that the specification uses the term * request"" 
and request packet" interchangeably. For example, the inventors 
explain, **FIG. 5 illustrates the foxrmat of a retry message 28 which 
is useful for read requests . . . . All DRAMs and masters can 
easily recognize such packet as an invalid request packet , and 
therefore a retry message." ^918 patent, col. 12, .11. 33-39. See 
Also ^916 patent, col. 12, 11. 49-52 C^The master sends request 
packets and keeps track of periods when the bus will be busy in 
response to that packet . The master can schedule multiple requests 
so that the corresponding data block transfers do not overlap.";. 
*918 patent.- *:ol, 12. IV. S8-61 P^ituations will arise.- hovcver, 
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where two or more masters send a request packet at or about the 
same time and the multiple requests must be detected. . . .) That 
drafting" lapse is unfortunate, but ic certainly is not dispositive 
because that text too must be interpreted in perspective of the 
whole specification. 

Considering the claim language and the specification in its 
entirety and for the reasons explained above, the construction 
offered by Infilneon is better supported by the patent document. 
Although that construction results in some overlap in the meanings 
of request and request packet, that overlap is inherent in the 
patent specification itself. Indeed, the most significant passage 
of the specification discussing read requests and vrrite. requests 
indicates that such a request is related to (if not synonymous 
with) a request packet: *'AddrValid is driven, which instructs all 
slaves to decode the packet address determine whether they contain 
the requested' address, and if they dp, provide the data back to the 
roaster (in the case of read request > oc accept data from the master 
(in the case oi: a write request ) in a data block transfer." ^918 
Patent, col. 8, 1. 66 through col. 9, 1. 4 (emphasis added). 

3. The Fxle Histozy 
Those constructions derived from the claim language and 
specification are supported by the fact that, in the prosecution of 
the ^804 patent, Rambus made statements to the PTO relating to the 
term ^'transaction request*." In February 1999, Rambus submitted a 
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Preliminary Amen-ament In U.S. Patent App. 08/798,525 (issued as the 

*e04 patent) in »#hich it admitted that transaction requests are not 

simply a single clock-cycle access-time code. In response tc a 

rejection by the Patent Examiner, Rambus stated that a "transaction 

request* contains identification information: 

When the identification information contflA.ned 
in th« transaction reooest corresponas to tne 
identification value . stored in the internal 
register in a particular memory device on the 
module, that memory device executes the 
fran«. ^ctio r. reouQst. Memory devices on tne 
module having identification values which do 
not correspond to the identif icq^ji.pn 
informat p,Qn contained in t;hg tffgn?aPT^>.Qn 
request do not execute or respond to the 
request. 

Supplemental Preliminary Amendment, U, S. Patent App. 08/798,525, 
p. 12 (emphasis added). Thus, Rambus explicitly represented that 
a transaction request contains more than just a binary code in the 
AccessType field: the above passage shows that device 
identl float ion information also . is contained in .the "transaction 
request. While this representation does not necessarily imply that 
Infineon' 5 definition is unquestionably correct, it certainly 
undermines the construction now urged by Rambus. 

4. Claia Differentiation 

Claim 15 of the *214 patent refers to a "read request" without 
further limitation, while dependent claim 22 recites: ^'The method 
of claim IS wherein the first block size information and the first 
read request are contained in a request packet." Rambus argues 
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that this Ian9ua9e distinguishes a **read request" from a ^request 
packet." As stated previously, the specification sometimes uses 
the terms ^request" and a "request packet" interchangeably. 
Notwithstanding that drafting laxity, the differences in claim 15 
and 22 do not refute the notion that a request contains address and 
control information. These claims simply add a third type of 
information, block size information, as a component of a request 
packet. 

Given that the claim language clearly illustrates that a 
memory device is to respond to a read, write or transaction request 
and that Rambus has not explained how the device would respond 
without receiving address, data and control information, the claim 
language on its face supports the requirement that requests contain 
both address and control information. The specification, while not 
pellucid, also indicates that a request must . contain such 
information so that it can respond to the request, whether the 
request be packetized or not.. Rambus' narrow definition is not 
supported by the specification, and indeed, is refuted by the file 
history. Therefore, it is appropriate to conclude that **read 
request," **wrltc request," and ^'transaction request" contain both 
address and control information indicating what type of transaction 
to perform and where the data should be located on the memory 
device . 
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5 . Can8t:ncti.on 
roz the foregoing reasons, the term ^'read request * is 
construed to mean «a series of bits transmitted over the bus that 
contain multiplexed address and control information needed to 
request a read of data from a memory device.'' The term **write 
request" is construed to mean series of bits transmitted over 
the bus that contain multiplexed address and control information 
needed to request a write of data to a memory device.'^ The term 
••transaction request" is construed to mean "a series of bits 
transmitted over the bus that contain multiplexed address and 
control informjition needed to perform a transaction over the bus 
with a memory device." 

D. *»Firjst and Second External Clock Signals" 
The parties agree that the bus of the invention carries two 
external clock signal's'* which -pace the exchange of information over 
the bus and provide timing synchronization for the memory system. 
The dispute arises over whether the second external clock signal 
must contain information that is different from the timing 
information sent by the first clock signal. 

Although referred to as a ^^clock" by one skilled in the art, 
the clock of a memory chip is actually a set of timing information 



" As has been the convention of both the patent document.? and 
the parties, the terms , *'clock signal" and '*clock" are used 
interchangeably. 
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derived from an oscillating reference voltage C^V^r") which cycles 
between two voltage levels. Rambus' proposed definitions do not 
require that the two signals contain different timing Information, 
while Infineon' s proposed definitions require that the second, 
signal contain different information from the first. 



1. The Claia I*anguage 

Every asserted claim in the ^214 patent (the double data rate 

invention) and the *804 patent (the delayed lock loop invention) 

contains the terms **first external clock signal" and "^second 

external clock signal."" Most of the claims simply indicate that 

data is to be output on the bus in response to the first and second 

external clock signals. Three claims, however, reveal that the two 

clock signal;: can be used by the memory device to create an 

internal clock: 

25* The method of claim 15 further including 
r-. . generating -at- least- one internal'" clock signal 

using the first and second external clock 
signals wherein the first amount of data 
corresponding to the first block size 
information is output onto the bus 
synchronously with respect to at least one 
internal clock signal. 

*214 patent, claim 25. 

26. The method of claim 25 further including 
generating a first internal clock signal using 
a delay locked loop and the first and second 
external clock signals. 



See cla_ims 1, 2, 4, 9, 10, 11, 15, IS; 18, 24, 2S, and 26 
of the ^214. patent and claim 26 of the '804 patent. 
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•214 patent, claim 26. 



26. An integrated circuit device having at 
— least one memory section which includes a 
plurality of memory cells, wherein the 
inteijrated circuit device outputs data on an 
external" bus synchronously with respect to 
first and second external clock signals, the 
integrated circuit device comprises: 



Delay locked loop circuitry to generate an 
internal clock signal using the first and 
second external clock signals ..... 

*804 patent* claim 26. 

The claim language thus indicates that somehow the memory 

device is to use the information derived from the first and second 

clock signal to create in internal signal. One must consult the 

specification to understand how this is accomplished. 

2,_. ^The Specification . . • ^ ,^ 

In the '^Background of the Invention" section, the 
specification relates that one '^object of this invention is to 
provide a clocking scheme to permit high speed clock signals to be 
sent along tho bus with minimal clock skew between devices.'' *91B 
patent, col. 3, 11. 27-29. **The two clocks together provide a 
synchronized high speed clock for all the devices on the bus." 
^918 patent, col. 8, 11. 29-30. Most significantly, in the 
"Clocking" subsection of the **Detailed Description," the inventors 
explain: 
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Clocking a high speed bus accurately without 
introducing error due co propagacion delays 
can be "implemented ' by having each device 
monitor two bus clock signals and the[n] 
derive internally a device clock, the true 
syst<&in clock. The bus clock information can 
be sent on one or two lines to provide a 
mechanism for each bused device to generate an 
internal device clock with zero skew relative 
to all the other device clocks. 

*918 patent, col. 18, 1. 63 through col. 19, 1. 4. This idea of 

clock skew can be best understood by reference to figures 8a and Bb 

of the specification. 
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The specification clearly demonstrates how these figures represent 
the two clock signals: 

Referring to TIG. .8a, in the "preferred 
implfsmentation, a bus clock generator 50 at 
one end of the bus propagates an early bus 
clock signal in one direction along the bus, 
for exan^le on line 53 from right to left, to 
the 5ar end of the bus. The same clock signal 
then is passed, through the direct connection 
shown to a second line 54, and returns as a 
late bus clock signal along the bus from the 
far end to the origin, propagating from left 
to right. A single bus clock line can be used 
if it is left unterminated at the far end of 
the bus, allowing the early bus clock signal 
to reflect back along the same line as a late 
bus clock signal- 

FIG. Bb illustrates how each device 51, 
52 receives each of the two bus clock signals 
at a different time (because of propagation 
delay along the wires) , with constant midpoint 
in time between the two bus clocks along the 
bus. At each device 51, 52, the rising edge 
55 of Clockl 53 is followed by the rising edge 
of 56 of Clock2 54. Similarly, the falling 
edge 5*7 of Clockl 53 is followed by the 

^ falling edge . 5C _of . .Clock2 54 . . This waveform;.. .. " 

relationship is observed at all other devices 
along the bus. Devices which are closer to 
the clock generator have a greater separation 
between Clockl and Clock2 relative to devices 
farther from the generator because of the 
longer time required for each clock pulse to 
travels the bus and return along line 54, but 
the midpoint in time 59, 60 between 
corresponding rising of falling edges is fixed 
because, for any given device, the length of 
each clock line between the far end of the bus 
and that device is equal. Elach device must - 
sample the two bus clocks and generate its own 
internal device clock at the midpoint of the 
two. 
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•918 patent, col. 19, U. 4-32. Sss ftAs.Q Fig. 13 of the *918 
patent (showing how the rising and falling edges of the two bus 
cloqks can be synchronised)-. 

In essence, this portion of the specification explains how 
chips N and 0, which are located in different positions along the 
bus lines, receive the clock signals at different points in time 
due to their locations relative to the origin of the clock signal. 
By reflecting the signal along a second line, the memory system can 
compensate for this delay and create a second clock signal. From 
these two signals, chips N and 0 create an internal clock signal 
which corrects the clock skew caused by propagation delay. In 
order to correct the skew, the two signals must necessarily contain 
different information, as Rambus' expert admitted. pee Marlanan 
Hearing, Tr- pg.. pp. 296-298 (testimony of Dr. Huber) . Although 
the specification lists this clocking scheme as a preferred 
T^gjTtSb'dlroent; it* i'^~ Actually the- only -embodiroent of the clock in the 
entire specification. As with the analysis of the term ""bus," it 
is significant that the specification limits the clock to a single 
embodiment. Sg^ oenerallv Wang , 131 F.3d at 1380; ISLEa, 199 F.3d 
at 1301; Q.I. Corp. . 115 F.3d at 1581. 

3. The Extrinsic Evidence 
The constructions taught by the specification are confirmed by 
the testimony of Mr. McAlexander who explained that to one 
ordinarily skilled in the* art that the Rambus clock scheme allows 
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the memory, devices to sample each clock signal as it is received 
over the line e.nd then averages the two signals such that every 
device is operating off the same clock, regardless of that device's 
location relative to the origin of the clock signal. Markman 
Hearing, Tr. pg. 4 5*7, line 2 to pg. 458, line 1 (testimony of Mr- 
McAlexander) . Thus *'the timing information and the difference 
between them is essential to this inventive concept of the cloclc 
design." Id*." 



^* Mr. McAIexander's testimony also explains how the clocking 
scheme comes full circle to the primary objective of the invention 
and the use of a multiplexed bus: 

In the prior art where the address 
information goes down one bus and data is 
responded to the bus on a totally different 
bus *- so you have a data bus that's separate 
and distinct from the address bus - you could 
send down the control [or] the address 
information to a chip, activate it, . . .it 
goes in, finds the data from the storage cells 
- - and immediately^ sends it cur to .th3 dar^^ bus i- ~- 

' ' "which is" a separate bus.' 

In the multiplexed design, the data must 
share the same bus as the address information. 
And so the . . . controlling system must 
assure that at no time does address or control 
information reside on the bus at the same time 
that data ... is coming back on the bus; 
otherwise, you would end up with a collision. 

So in order to arbitrate that and to make 
sure that nothing is on the bus when it's not 
supposed to be, the whole system has to.be in 
sync. Every system, . every . . chip, every 
component on the bus has to be operating under 
the exact same timing constraints. 

That's why it's important and valuable . 
to use ^a clock design that will 
synchronize everything together. 
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In the interpretation of these terms, Rambus once again 
eschews the lancfuage of the specification, choosing to rely instead 

' "oh the testimony of its' expert who says ' that one skilled in the art 
would recognize that the first and second external clock signal can 
have, but does not need to have, different timing information in 
each signal. Therefore, according to Rambus, it is unnecessary to 
tie the claim definition to the language of the specif ication. ^» 
This approach runs afoul of the principle that the patent 
specification must always be reviewed to see if the patentee used 
the terms in a manner other than their ordinary meaning. 
vit:ronica . 90 F.Bd at 1582. Thus, even if one accepted Rambus' 
contention that the ordinary and accustomed meaning of first and 
external clock signals would be known to one of. skill in the trade, 
the patent specification only describes a clocking scheme which 
corrects clock skew by creating an internal clock based on 

"^'■-•^arffering ex€c::nal clock si§haTs^^ '^^ ' . - " ' 

4. Construction 
Based on the claim language and the specification the term 
**first internal clock signal" is construed to mean '^a periodic 
signal received by the memory device from an external source to 



Markman Hearing, Tr. pg. 465 1. 6 to pg. 466, 1. 10. 

" Sgfi Testimony of Dr. Huber, pg. 302, 1. 25 - pg. 303 1, 2 
don't need to go to the patenc to interpret the term. Clock 
signal is a well known term") . 
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provide first timing information." The term "second internal 
signal" is construed to mean **a periodic signal received by the 
memory device from an external source to picvide second timing 
information that is different from the first timing information." 

E. Integrated Circuit Device 

Lastly, the parties contest the meaning of ""Integrated circuit 
device" as that term is found in claim 26 of the *804 patent. 
Rambus contends that the term means a "circuit constructed on a 
single monolithic substrate, commonly called a "chip.'" Infineon, 
however, argues that representations made in the prosecution of the 
*804 patent limit this term to "a device composed of integrated 
circuits that include at least an ID register and related interface 
and comparison circuitry."** 

1 . The Claim I*anguagB And The Specification 
. Neither^ the claim language nor the specification inform the 
present inquiry. Indeed, the specification mentions an integrated 
circuit only once. 



*^ The parties have agreed that "integrated circuit device" is 
only disputed as it occurs in claim 26 of the "804 patent and not 
as it appears in the other patents. This is because the relevant 
file history limits the representations made to the PTO to only the 
"804 patent. 
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2. the File Bistosy 

The file history of this claim is the only relevant category 

7f intrinsic evidence. During the prosecution of Claim 26 in the 

^SQA patent, Iwhich was at that time, U.S. Patent App. 08/798.525 

or the *525 application) Rambus expressly limited its claims by 

adding certain restrictions in order to overcome the PTO' s prior 

art rejections. In response to the rejections, Rambus submitted 

new claims — including the claim that ultimately issued as claim 

26 of the *8CM patent. Rambus argued to the PTO that the newly 

submitted cleims were different from prior art because they all 

contained a device ID register, and relevant interface and 

comparison circuitry limitations: 

The new claims submitted in this Supplemental 
Preliminary Amendment have been added to more 
definitely and fully protect Applicants' 
invention. These newlv submit ted claims are 
di rected t o a memory device f off^n ipt^qr^t;e<i 
•■. • ciifcu"i^ reaving- memor\LlzJ]^yXnQ 1 1 > -an -xnveyii&I - 
reciiater for storing an identification value. 

<nrprfarP ctrcuitrv to receive a request 
o n an external b^s r an^ ^3) compa rjafln 
y,<,T;f^ l^1,^;rY to determi ne wh ether thk 
id( »ntification in formation in the , rea^gst 
rnrr^5^pend9 to the i dent?,f jCftt ^fffl vgi^WQ the 
;i,r^^_e^nal register = wherein wncn tne 
identification information corresponds to the 
identification value, the memory device 
responds to the request. 

Supplemental Preliminary Amendment, U.S. Patent App. 08/798,525, 
pp. 11-12. The *804 patent issued subsequently. Thus, it appears 
that Rambus believed that its claims did not cover devices without 
a device ID register and relevant interface and comparison 

71 



863FHPG 0435 



circuitry. To allow Rambus to broaden its claim in the face of 



this restriction would defeat the public notice function of the 
patent history .-- In Hoekerson-Halberstadt: . Inc. v. Avia Group 
] fprnM. Tnc , 222 F.3d 951 (Fed. Cir. 2000), Che Federal Circuit 
explained: 

(The inveator's] argument therefore reduces to 
a request for a mulligan that would erase from 
the prosecution history the inventor' s 
disavowal of a particular aspect of a claim 
term's meaning. Such an argument is inimical 
to the public notice function provided by the 
prosecution history. The prosecution history 
constitutes a public record of the patentee's 
representations concerning the scope and 
meaning of the claims, and competitors are 
entitled to rely on those representations when 
ascertaining the degree of lawful conduct, 
such as designing around the claimed 
invention. . . . Were we to accept (the 
inventor's] position, we would undercut the 
public's reliance on a statement that was in 
the public record and upon which reasonable 
competitors formed their business strategies. 

Id. at 957 (internal citations omitted). . . ^. , ^ 

Absent qualifying language in the remarks, arguments made to 

obtain the allowance of one claim are relevant to interpreting 

other claims in the same patent." Digital fljiftmetri£S>. 149 F.3d at 

1347. Rambus claims to have presented such ^'qualifying language'' 

in a footnote of the above-quoted representation to the PTO, which 

mentions two of the inventive technologies claimed in this suit: 

The memory devices or integrated circuits . 
having memory of the present invention may 
include additional and/or other inventive 
aspects, including, for example, dslav lock 
loop circuitry and/or an internal reoister to 
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^t9re a value wt\lch is representative of ^ 
Q^n^r of clock cycles ro transpire before the 
pemorv devxce_ respond s to a read request . 
This **latency" register may be employed to 
control the timing of the output data after 
receipt of, for example, a read request. - - 
However it is noted that, in light of the July 
21, 1998 Office Action and the rejection based 
on Weymouth, these additional and/or other 
inventive aspects, although forming a basis of 
patentability in their own right, will not be 
the focus of these Remarks. 

Supplemental Preliminary Amendment, Patent App. No. 08/798,525, p, 
12, n. 1. Rambus maintains that the express exclusion of the delay 
locked loop system and the latency invention from the scope of the 
attorney's remarks makes it ''preposterous" to read a device ID 
register limitation into the claims currently before the court. . 
Instead, during the Markman hearing in this case, Rambus' expert 
Dr. Huber contended that the limitation applies to every other 
claim of the patent (claims 1-25) but not claim 26. This 
T^conciusionr'iicdcrding Dr.''Hui3i:', is "an "Obvious- conci'ciA ion base'd 
on the fact that claim 26 includes the inventive technologies 
mentioned as additional and/or inventive features in the footnote. 
Notwithstanding Rambus' current attempt to carefully craft its 
limitations without much support in the patent history, the 
footnote does not imply that the statement excludes claim 26, but 
rather establishes that, in addition to the device ID register, 
Rambus believed that it claims possessed other inventive features. 
The last sentence of the footnote shows that Rambus chcsc not to 
rely on those additional inventive, features when distinguishing the 
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claims from priior art. Sfifii iiL. C^these additional and/or other 
Inventive aspects, although forming a basis for patentability in 
their own' rights^'^il" not" be' "the "focus of "these^ Reu^rks") . 
Therefore, it is appropriate to read "integrated circuit device* as 
containing a device ID register, interface circuitry to receive a 
request from an external bus, and comparison circuitry to determine 
whether the identification information in the request corresponds 
to the identification register of the device. 

Moreover, Rambus' suggested requirement that the integrated 
device be constructed on a single monolithic substrate is not 
supported by the specification and actually is undermined by the 
doctrine of claim differentiation. Claim 182 of the Preliminary 
Amendment to Patent App- No. 08/222,646, claim 6 of Patent No. 
5,638,334 and claim 18 of . Patent No. 5,651,481 all included the 
limitation that the device was "^on a single semiconductor 
substrate:'' 'Cl a ini 2VoiE^"tire'**lB6?' patent c^^ no such limiting 

language and the doctrine of claim limitation warns against reading 
such a limitation into the disputed claim language unless the 
intrinsic evidence counsels otherwise. 

3. Constxuc^on 
Thus, the patent history supports the construction that an 
integrated circuit device, as used on claim 26 of the ^804 patent, 
must have a device ID register, interface circuitry and comparison 
circuitry. 
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IXZ. The ExttlBSle Evidence Generally: The Cxperte 

The claim construction here has been accomplished largely 
withoiit resort to extrinsic expert evidence, notwithstanding that 
the parties presented expert testimony addressing each disputed 
term. Having reviewed that testimony, the Court found it useful 
mostly in understanding the meaning of technical terminology other 
than the disputed terms as that terminology is used in the claims 
and specification. £s£ Pifnev Bowes, 182 F.3d at 1309 (^^it is 
entirely appropriate, perhaps even preferable, for a court to 
consult trustworthy extrinsic evidence to ensure that claim . 
construction :.t is tending to from the patent file is not 
inconsistent with clearly expressed, plainly apposite^ and widely 
held understanding in the pertinent technical field"). 

As outlined in the substantive discussion of each term 
construed, Rambus pressed constructions that generally found 
- -littleV if any, -support in^'thVclainrxah^^^ specificattion, 
depending in significant part upon the expert testimony of Dr. 
Huber whose testimony was generally at odds with the statements 
made by the inventors in the claims and specification. Thus, his 
extrinsic evidence had to be substantially disregarded as 
contradictory of the intrinsic evidence. Also, it was difficult to 
credit Dr. Hubor's testimony on disputed terms because it reflected 
the general, and disturbing, tendency of Rambus to distance its 
current constructions from what the inventors said in roakir»j the 
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claims and explaining the inventions in the specification," and, 
in so doing, to use the claim construction process to broaden 
claims, -rather clearly not made in the intrinsic evidence. 

The record here, and the approach to claim construction taken 
by Rambus, illustrate the wisdom and importance of the rules of law 
that establish a hierarchai distinction between intrinsic and 
extrinsic evidence. On the other hand, the testimony of Mr. Joseph 
McAlexander, the expert offered by Infineon, was quite helpful and 
very credible because it was tethered closely to the intrinsic 
evidence and was not contradictory of the claim language or the 
specification. Notwithstanding that his testimony was reliable and 
informative it was ultimately not essential except as specifically 
cited in the construction. Sfifi Pitnev Bowes, 182 r.3d at 1309 
Although the patent file may often be sufficient to permit the 
judge to intei*pret the technical aspects of the patent properly, 
con3uitl^^^^on•''cf'■extHS^^ evidence Xsnparticularly 'ipp'ro'priatV'td 
ensure that his or her understanding of the technical aspects of 
the patent is not entirely at variance with the understanding of 
one skilled in the art"). 



*^ Moreover, Dr. Ruber left the impression that he was more an 
advocate than he was one generally knowledgeable in |:he field of 
the invention, notwithstanding his rc'iher impressive curriculum 
vitae. 
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COKCI.0SIOK 

For the foregoing reasons, the disputed terms in the four 
patents in suit are to be construed as reflected herein. 

The Clerk is directed to send a copy of this Memorandum 
Opinion to all Counsel of Record. 

It is so ORDERED. 

United States District Vudge 

Richinond^ VA 
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1 LSri. (Amended) A method of controlling a memory device by a 

2 memory controller, wherein the memory device includes a plurality of 

3 memory cells, the method of controlling the memory device 

4 comprises: 

5 — providing first- block size information to the memory device/ 
wherein the first block size information is provided by the memory 
controller and i» representative of a first amount of data to be input 

8 by the memory device; and 

9 issuing a first operation code to the memory device, wherein in 
^' 10 response to the first operation code, the memory device inputs the 

11 first amount of data. 

1 The method of claim^^tM* wherein the memory device inputs the 

2 first amount of data synchronously with respect to an external clock 
3. signal. 

1 y^^^ (Amended) The method of claim^^^^J/Srl further including: 

2 providing second block size information to the memory device, 

3 wherein the second block size information defines a second amount of 
A data to be input by the memory device; and 

5 ^ ^. issulng-a- second operation code to^the-inemory i3yice,.~^^her 

6 response to the second operation code, the memory device inputs the 

7 second amount of data. 

1 ^J^<\ (Amended) The method of claim ^^Sa wherein the first block 

2 size information and the first operation code are included in a request 

3 packet. 

1 (Amended) The method of claim >S< wherein the first block 

2 size information and the first operation code are included in the same 

3 request packet. 
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1 (Amended) The method of claim further including providing 

2 the first amount of data to the memory device. 

1 >9^. (Amended) The method of claim >fl<wherein the first amount 

2 of data 'is provided to the memory device after a delay time transpires. 

1 1^. (Amended) The method of claim J^f wherein the delay time is 
2. representative of a number of clock cycles of an external clock signal. 

\^ I (Amended) The method of claim >5T wherein the first bloc): 

2 siie information is a binary representation of the first amount of 

3 data. 



(Amended) The method of claim >3^ wherein the first amount 

2 of data is output, by the memory controller, synchronously with respect 

3 to an external clock signal and during a plurality of clock cycles of 

4 the external clock signal. 

1 1>€T. (Amended) A method of operation in a synchronous memory 

2 device, wherein the memory device includes a plurality of memory cells, 
■^"^""S the' method "of " cpera^^^ coinpr ises: 

4 receiving first block size information from a memory controller, 

Q^yfi 1 wherein the first block size information represents a first amount of 
data^o be input by the memory device in response to an operation code; 

7 receiving the operation code, from the memory controller; 

8 synchronously with respect to an external clock signal; and 

9 inputting the first amount of data in response to the operation 
10 code. 

^ a^eTT (Amended) The method of claim wherein inputting the first 

i amount of data includes receiving the first amount of data 

3 synchronously with respect to the external clock signal. 
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1 iP^- (Amended) The method of claim wherein the first amount 

2 of data is sampled over a plurality of clock cycles of the external 

3 clock signal. • 

X (Amended) The method of claim vei wherein- the" fxrsc blocU 

2 size information and the operation code are included in a request 

3 packet. 

1 yii^. (Amended) The method of claim iM wherein the first block 

2 sixe information and the operation code are included in the same 

3 request packet. 

1 (Amended) The method of claim wherein the first block 

2 size information is a binary representation of the first amount of data 

3 to be input in response to the operation code. 

1 >tf^. (Amended) The method of claim Lfitf* wherein the first amount 

2 of data is output^ by the memory controller, synchronously during a 

3 plurality of clock cycles of the external clock signal. 

1^, ^>^.i^^Amencled) The....ir^ .of^. claim further, including. - -;s^.:v?=^s^ 

2 generating an internal clock signal, using a delay locked loop and the 

3 external clock signal wherein the first amount of data is input 

4 synchronously with respect to the internal clock signal. 



(Amended) The method of claim 



1 3J59^ (Amended) The method of claim >« further including 

2 generating firsn and second internal clock signals using clock 

3 generation circuitry and the external clock signal, wherein the first 

4 amount of data is input synchronously with respect to the first and 

5 second internal clock signals. 
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1 "^^^ The method of claim^wherein the first and second internal 

2 clock signals are generated by a delay lock loop. 

1 ^3^. (Amended) A method of operation of an integrated circuit, 

2 wherein the integrated circuit- ir.ciudas s dynamic random access memory 

3 array having a plurality of memory cells, the method of operation 

4 comprises 

y receiving block size information from a controlle^wherein the 
^ 6 block size infornnation represents an amount of data to be input in 
7 response to an operation code; 

receiving the operation code from the controller; and 
9 inputting the amount of data in response to the operation 

code . 

^0 at 

(Amended) The method of claim jL?! further including storing 
the amount of data in the memory array. 

5 ' ^ 

1 (Amendeid) The method of claim yd wherein the block size 

2 information and the operation code are included in a request 

3 packet. 

1 •^X- (Amended) The method of claim >rf wherein the block size 

2 information is a binary representation of the amount of data to be 

3 input in response to the operation code. 

1 (Amended) The method of claim wherein the amount of data 

2 is input/ in response to the operation code, after a delay time 

3 transpires. 

1 ^i^. The method of claim 2>cr wherein the delay time is 

2 representative of a number of clock cycles of the external clock 

3 signal. 
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Kindly add the following claims: 

— , / ^ 

1 yff\ (New) The method of claim >Sl' wherein the first operation 

2 code is issued onto a bus. 

1 (New) The method of claim wherein the bus includes a 

2 plurality of signal lines to multiplex control information, address 

3 information and data. 

1 aVo . (New) The method of claim >8f further including providing 

W' 2 address information to the memory device. 

' i 1 >€rr. (New) The method of claim wherein the operation code, the 

' 2 first block size information and address information are included in a 

Is 3 packet. 

1 (New) The method of claim Uti further including receiving 

2 address information from the memory controller. 

1 le^T (New) The method of claim yJtfl wherein the first blocJc site 

. .-:-2 - i rife rmat ion, and tKe operation- coae are'^ccelveH^ 

1 t^zC. (New) The method of claim iO^'where in the first block size 

2 information, and the operation code are received from the same external 

3 bus. 

1 J^a^. (New) The method of claim iOT^wherein the exturnal bus is 

2 used to multiplex address information, control information and 

3 data. 

1 WKT. (Niiw) The iiKil:hcjH c»l i 1 .i im >/T I in I hft i iu:l iiiti i»i rettoiving 

2 address information from the controller. 
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This Prelimrlnary Amendment seeks to place this application in 
condition for allowance. New claims 178-186 have been added to more 
fully claim Applicant' s invention. Several of "the pending claims have 
been amended. No new matter has been added. In this regard, support 
may be found, for example, at page 22, line 11, to page 24, line 2, and 
page 27, lines 1-24 of the specification. 

IMFOPMJkTION DISCXOSURE STATEMENT 

In compliance with the duty of disclosure set forth in 37 C.F.R. 
§1.56, Applicants' submit concurrently herewith an Information 
Disclosure Statement (IDS) including modified Form PTO-1449. Afi^yof 
that IDS and modified Form PTO-1449 are attached hereto. 

Some of the documents listed in the PTO-1449 have been cited by 
a defendant in an action pending in U.S. District Court For Eastern 
District of Virginia case, namely in fifl i mbUS ?nCi Y i Ifl^A^neon 
TP>rhnoloQjps A.G./et al,. as prior art against the inventions claimed 
in, among other patents, U.S. 6,034,918. The *918 patent is a parent 
of the instant application. Reference to these documents are listed on 
"^pagts 2 of -tF.e^6.2f indents ''^ AMENDtb'^PRiOR NOTlCE^?UR3UWT"Td-^35^-^-"^ 
U.S.C. §282 (hereinafter ^PRIOR ART NOTICE' ) . A copy of the PRIOR ART 
NOTICE is included with the IDS submission. 

Furtherfflor'3, the construction or interpretation of a number of 
terms have recently been considered in a Markman opinion issued in the 
above-mentioned litigation. A number of claims pending in the instant 
application incorporate or incorporated some of these terms including, 
for example, the terms **block size'', "^write request", and'^bus". The 
term ^ write request" has been deleted from the pending claims (as 
amended) . The term ""bus" has been deleted from some of the pending 
claims (as amended). A discussion of **block size" may be found on 
pages 41-47 of the Markman opinion, and a discussion of "^bus" may be 
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found on pages 17-41 of the Markman opinion. By submission of this 
Markman opinion. Applicants make no statement as to the correctness of 
the construction:? set forth therein. Indeedr as is apparent from that 
opinion, the court substantially adopted the constructions proposed by 
Infineon, and not that construction proposed by Rambus. A copy of the 
Markman opinion is also included with the IDS submission. 

Applicants request entry of the foregoing amendment. Applicants 
submit that all of the claims present patentable subject matter which 
definitely set forth the novel and unobvious features of Applicants* 
invention- Accordingly, Applicants respectfully request allowance of 
all of the claims. 

It is noted that should a telephone interview expedite the 
prosecution in any way, the Examiner is invited to contact Neil 
Steinberg at 650-947-5325. 

Respectfully submitted* 



/ ^ 

y ' Neil A. Steinberg 



Reg. No. 34,735 
650-907-5325 
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^yi^STOTJ WTTH MARKINGS TO SHOW CBANggg fflO^B 

1 IWr^tAinended) A method of controlling a memory device by a memory. 

2 controller, vherein the memory device includes a plurality of memory 

3 cells, the method of controlling the memory device comprises: 

4 providing first block size information to the memory device, 

5 wherein the first block size information is provided by the memory 

6 controller and [defines) is reoresen tatilYe Of a first amount of data to 

7 be input by the memory device [in response to a write request]; and 

8 issuing a first npt>ratiion.xfid& [write request] to the memory 

9 device, wherein in response to the first c>perpt;iQn Cpdg, [write 

10 request] the memory device inputs the first amount of data 

11 (corresponding to the first blocX size information] . 

1 152 . The method of claim 151 wherein the memory device inputs the 

2 first amount of data synchronously with respect to an external clock 

3 signal. 

1 153. (Amended) The method of claim 151 further including: 

2 . providing .secpnd block size information to the memory device, 

"■'"' i ' wh'eYeln"the ~seccnd a second amoun t 'of "* " 

4 data to be input by the memory device [in response to a write request) ; 

5 and 

6 issuing a second ftoeration code [write request) to the memory 

7 device, wherein in response to the second operation code [write 

8 request), the memory device inputs the second amount of data 

9 [corresponding to the second block size information) . 

1 154. (Amended) The method of claim 151 wherein the first block 

2 size information and the first poAration code (write request) are 

3 included in a request packet. 
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1 155. (Amended) The method of claim 154 wherein the first block 

2 size information and the first op^rat.ipP gode Iwrite request) are 

3 included in the same request packet. 



1 156. (Amended) The method of claim 151 further including providing 

2 the first amount of data [corresponding to the first block size 

3 information] to the memory device. 

1 157. The method of claim 156 wherein the first amount of data is 

2 provided to the memory device after a delay time transpires. 

1 158. (Amended) The method of claim 151 1156) wherein the delay 

2 time is representative of a number of clock cycles of (a) an e^^tcmal 

3 . clock signal. 

1 159. (Amended) The method of claim 151 wherein the first block 

2 siie information is a binary representation of the ^irst amount of data 

3 [to be input in response to the first write request] . 

1 160. (Amended) The method of claim 151 wherein the first amount 

2 of 'data^L corresponding to the first block size in f orniat'lon f\ s output. 

3 bv the memory controller, [input) synchronously during a plurality of 

4 clock cycles of ^ [the] external clock signal. 

1 161 (Amended) A method of operation in a synchronous memory 

2 device, wherein the memory device includes a plurality of memory cells, 

3 the method of operation of the memory device comprises: 

4 receiving first block size information from a memory controller, 

5 wherein the first block size information [defines) represents a first 

6 amount of data to be input by the memory device in response to tha 

7 Qpg^ration code (a write request); 
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receiving A-t operatio n code. la first write request! from the 
pemorv controller^, synchronously with respect to an external clock 



10 signal; and 

11 inputting tlie first anwunt of data (corresponding to the first 

12 block size information] in response to the operation Cflgfe C first wfite 

13 request] . 

1 162. (Amended) The method of claim 161 wherein AnPWttinq the figst 

2 fimntini: of da ^A Srrl^dPS rArpivino th p fjrfit flmgUnt Of dStfl (the first 

3 amount of data corresponding to the first block size information is 

4 sampled] synchronously with respect to the external clock signal. 

1 163. (Amended) The method of claim 161 whprein the gmPtint 

2 pf data is ciamPlPd s vnghronou s^y dUfinq ^ plurality of clock cycles of 

3 ■ |:he extquirnal clock signal (further including: 

4 (receiving second block size information, wherein the second block 

5 size information defines a second amount of data to be input In 

6 response to a wjrite request; 

7 receiving n second write request from the bus controller; and 

8 inputting the second amount of data corresponding to the second 

p.. block sixs-inforniaticnl, -in>rcc£c.:^se^ second operation. code .wri ne r^'V. ^. -*n-- 

10 request] . 

1 164. (Amended) The method of claim 161 wherein the firpst block 

2 size information and the operation code (first write request] are 

3 included in a request packet. 

1 165. (Amended) The method of claim 164 wherein the firsti block 

2 size information and the operation code [first write request) are 

3 included in the same request packet. 
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1 166. (Amended) The method o£ claim 161 wherein the £irst block 

2 size information is a binary representation of the first amount of data 

3 to be input in r«sponse to the operation code [first write 

4 request]. 

1 167. (Amended) The method of claim .161 wherein the first amount 

2 of data (corresponding to the first block size information] is [input] 

3 output, bv the memory controller, synchronously during a plurality of 

4 clock cycles of (an) th^ external clock signal. 

1 168. (Amended) The method of claim 161 further including 

2 generating an internal clock signal using a delay locked loop and the 

3 [an] external clock signal^ wherein the first amount of data 

4 [corresponding to the first block size information] is input 

5 . synchronously with respect to the internal clock signal. 

1 169. (Amended) The method of claim 161 further including 

2 generating first and second internal clock signals using clock 

3 generation circuitry and Ian) the external clock signal^, wherein the 

4 first amount of data (corresponding to the first block size 

5 information] is input synchronously with_ respect .tp,J:he first and^ 

6 ' " secona""imtef nar^lock signals . 

1 170. The method of claim 169 wherein the first and second internal 

2 clock signals are generated by a delay lock loop. 

1 171. (Amended) A method of operation of an integrated circuit, 

2 wherein the integrated circuit includes a dvmamic random aooona memory 

3 array having a plurality of memory cells, the method of. operation 

4 comprises: 

5 receiving block size information from a controller, wherein the 

6 block size information [defines a first] pro c oq^^s^r amou n f of data 
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7 to be input (from a bus] in response to an opera tion code (a write 

8 reqaestl ; 

9 receiving t he operation code f rom the controller la first write 

10 request); and 

11 inputting the [first] amount of data (corresponding to the block 

12 size information.) in response to the operatio n code (first write 

13 request). 

1 172. (Amended) The method of claim 171 further including storing 

2 the (first) amount of data (corresponding to the block size 

3 information) in the memory array. 

1 173. (Amended) The method of claim 171 wherein the block size 

2 information and tije operation code (first write request) are included 

3 in a request packet. 

1 174. (Amended) The method of claim 171 wherein the block size 

2 information is a binary representation of the (first) amount of data to 

3 be input in response to the nr''^f*"^'^r "'^^'^ [first write request). 

1 176. (Amended) The method of .claim 171 (161] wherein tbe-Jfi 

^ . - amount of data is input, in response to (receipt of] the cji!iHi:jLlun uo de 

3 [first write request], after a delay time transpires. 

1 177. The method of claim 176 wherein the delay, time is 

2 representative of a number of clock cycles of the external clock signal 

3 (that transpire before the first amount of data is input)., 

1 178. (New) The method of claim 151 wherein the first operation 

2 code is issued onto a bus. 
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1 179. (New) The method of claim 178 wherein the bus includes a 

2 plurality of signal lines to multiplex control information, address 

3 information and data. 

1 180. (New) The method of claim 151 further including providing 

2 address information to the memory device. 

1 181 . (New) The method of claim 161 wherein the operation code, the 

2 first block size information. and address information are included in a 

3 packet. 

1 182. (New) The method of claim 161 further including receiving 

2 address information from the memory controller. 

1 183. (New) The method of claim 161 wherein the first block size 

2 information, and the operation code are received from an external bus. 

1 184 . (New) The method of claim 183 wherein the first block size 

2 information, and the operation code are received from the same external 

3 bus. _ _ • . . ^, - ^----r-^ 

1 185. (New) The method of claim 184 wherein the external bus is 

2 used to multiplex address information, control information and 

3 data. 

1 186. (New) The method of claim 171 further including receiving 

2 address information from the controller. 
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1 . Name of Inveotloii 

Method for Seftiag Memoiy Access Tiining 

2. Patent Claiflis 

A medsod fbr acidag oiemory access tiodag in a logical circuit that accesses 
ntnory, characterized by the provision eft repster for which a vaHery of values 
can be'oei by a progreni, by icpedilvely having the value set in said Raster be 
chaagcid le^uaniaUy by die piognm and perfonning test writes co the menoiy 
and teat reads firom the tDcinofy «4ieK the data that b written li cooipated to^ 
data tbasbicadL by fccdfig 10 the leginer the setting that waste effect vd^ • 
results of the eonparisDtt matched, and by secessiitg the memory based on said 
setung. 
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I. DeiUled Explanarion af the Invention 



[Arcs of A^lieation in Indnatfr) 

mt inviujtioo pemlm to a method for uttlng iho roemory tece» limlnR in order 
to set chi: access thning for random accws memory (h«emaflcf Bbbreviwrf 
TUM') Ihst U equipped iiu for example, daw processing devices. 



IPriorArtl 

F\m 6 shov« • Wocit dJagnm ofite logic circuiu-ihii w«t the coavcimontf 
rhS^ ttce« timlBg ..t method, in the figtno. I to UAM "-"P^ 
where e dyn«ml« MM if osed). 2 it no eddftea muhiple«». J U » nuttlpleced 
■ddfcts busMBMcdng lbs RAM I with the address multiplexer 2, 4 u m iddress 
bus cenaecied « i&e 8ddra9 multiplexer 2, 5 is & data bus coimectrd to the RAM 
) endtf tvamflmofycoattoi ring, to Addition. 7 is e flipflop for gcnenting the 
row address select signal (RAS signaO. hettinafto abbreviated "RAS fllpflop.' 8 
b » fUpilop for generotsiie «he coluna address oeleci signal (CAS stgnalX 
hereinaiiicf abbrevUted -CAS fllpOop,- » is • lUpflop for gcrowatinB the eoluma 
seltn ilgoal (COLS signal), heiclnatter abbreviated XOLS nipflop.- 10 is an 
AND gtSTll, island U are OR gates, 14, 15. and 16 are NOR gate*, and IT. U, 
19. and 30 are Jumper lines for setecdng the output bora the memory conizDt ting 
6 that Is. to be used. Additlooally, for sintplleiiy in the explanation, the logte 
circuits for tefieslnns the RAM I ereeoiohovn^ 

Till opnreiKm of ^ msihod is described balew. In this explanation* *1* indkates 
citber the actlvt level or the Ugh bgie level, «iule *0* indicates the mactive level 
or the l9w logic level. The memory contxol ring 6 is enabled and placed in an 
operatii>nal state vvhen the memory access mode signal of line LI goes to 'l," 

and. cyaehioaasedtD the master eloekoo Bae L2, the ontpuu TO. Tl Tk. . . , 

TL . . M Tm. . . ^Ts, . . ^ 7c4, To &re sei^^^ 

masitioaa. When die mcttoiy acoeas mmSe signal Is 'O." all outpuu TO ce Te 
ftom the memory coottol ling ^ go to *0.' Hie rtspeetive (Ilpflops 7, 8, aad 9 
each output their laadbed signals from the outpui terminal 1 on each, and output 
the invisne of the latched sigoal onoo^ur temmnl 0 of each. The RAS signal. 
CAS signal, and WE sigoeil appUedl. respectively, to the RAS. CAS. and W£ 
cemdnids of RAM 1 are each active at "1.* la addition, id this conveotiooal 
cxamplB, jianper Unes 17. la, 19, aad 20 aie set by hand, celeciing. itspeetively, 
otttput!! TK tI Toi, and T)B ^ die memoty contioi ring 6. 

Bdow will be explained an example of an operation to write to the RAM 1. 
tcfereadng the tbaing Chan sho>VD in Figure 4. When the memory access 
coDmtaees* both the memocy access mode signal on Line LI end the write mode 
sigml on Line 3 both go to *1.* At this time, the address is applied to the address 
bus 4, the row acUiw b selected by the addresa multiplexer 2 and b oafut on 
the muhlpiaxed address bus 3. At thb time the write data b applied to dtta bus S. 



moaessso 
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In thU wi.y, ih« rtjw address and wriie dau are applicit tnd. a» described abovtL 
the mcmti icce» mode slgwl of Uac LI is at " I.- » the memory coatrcl^nng 6 
commen<:ei opemloM. and there are Me tnuldeni to ihai outputs TO. Tl. . . 
Tk seqwntinlbrBO to"l ' WhenTV gMsta iha "I" oitfpui He is applied to 

*tenoutpui-nc*-lofmen)oiy«nxiolfing6goesto-l, the RaS tignalto to 
cutpot frrm outpoi tenninal 1 of ihe RAS nipflop 7 soes to I. In 
this time the iii%-eiTed signal that U output from the output ttaminaJ 0 of the RAS 
nipflop goes 10 -O; cittsiPg the outpttofiht NOR ga« ^/ «^ 
oWtf^fOieOR^^ II to go to -U- onaingihe output Of the RAS flipflopT.of 
inoiher wordi the RAS s IgMl. to be htU «l - r even if the "^nonr conttol img 6 
g!aha«dvtnees.Wbanthan'q»iipinofthetnBmarycoolxolring6ir^ 
femTI ^Tl^^l »the «De ope«doa»s detciibed .bove eam« the COLS signal. 

ouq^aSrthe COLS ffl^^^ 
causes ilie address muItJplexeT 2 to oti^rtfl A« column addms to Ae rnidWesca 
address to X and the outptrt of the AND gate 10. or in other words the WE 

^I^Oat is applied to S RAM 1 lennlnal WE. goes to M * placing RAM I In 
wSteoitNie. When the "P output of ihc memory control ring 6 irantntions from 
Tm to Tm ♦ I. a operation sImUar to what was deseHbad above causes the outpi* 
of the CAS fUpflop 8. ot In other words the CAS signal, to be held BiM." As . 
describf d obove. the RAS si^ the CaS tignL the WE aigaal. and the COLS 
siflDBlaUgoto"! "pimiflgalleeodidonsbplaeclowiiietotheKAM 1; hence 
the data write opoatloA Is performed, the stanti of the fflcnoiy eonvol ring 6 
idvancea. end the write operation Is eoDCluded ax the point In Hme where the 
output Tn - I goes to '1.* When the output Tn of the memory conttd ring 6, or in 
other wwls the memety access complete sSgnal on line A. goes to 'r foUowed by 
theowpuiTo^l golngto-1," the memory access mode signal on Una L I and the 
wTTtc mode signal on line U both go to "0.- causing ihe ompuis of the NORgates 
U. 1 5» and 16, along with the outputs of the OR gates lU 12t end 13 togoio^O'; 
conK<»^«ly. the RAS signal the CAS signal, and the COU signal aU gp to3* 
'"compleUng^the^pewtiOT tofWidng to <hc KAM S . Wate Caa 7W slm^n la 
Figure 4 is Ihe period over which the write mode conditions are fiilfilled fay the 
control aignabtotheRAMlCi*e..thamemoiyBCSG3amode signal the write 
mode signal, the RAS sigDBl, Oie COLS sipial «e CAS tigpal ani the WB 
ligtiaO. • 

On the other hai^ in the operatioos to irad from Ibc RAM Uas shown In Figiao 
5. die *i»the mode signal and the WE signal go to •0* and aithe point 4n time- 
who tite ouiputTn • I of the meaoiy control dag d ceases to output *3,* or in 
other wenla. at the peini in time when die output Ta goes to M." the output datt 
chtf ia read fion the RAM lit assumed to be set. and with the output Tn. the data 
on the liato tea S Is aeecpted. At thb Ume. when, in operas siffiQar to the writo 
epcntim teeilbetf above die eapA To 4- 1 of fte raenoiy eentrel ling 6 Is to 
go to -3/ aU connol signab booomc inactive and the operate to read finra the 
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Ram 1 ai^ifltninaied. Note ibtt the TRshoun in Figure 5 is ihe period of linte 
over xKhkh Ihc eonnol jcignals to the RAM 1 fulfill the rod mode eondiuon*. 

[Ffobkms SoWal by this IftvenUool 

In tbm eof ivBftooiul method for settifig ihc memofy accesi limiiiB. pan tb» ^ 
seci iheRAM oeeeo tlmbig is let by Jiunper liflia. and thus ii requSjes a manuaj 
lotervendoo w set dw jumper lines. Additfonaily, gener«»y RAMs h«ve a way 
of difTerem access dmei. and %-hcn the xypc of RAM that is wed ts changed U is 
messan' to ebange the settiugi of the Jumpers io otder to change the accesi 
dmifig and, as a result, the RAM canaoi be accessed conrcily If the semng u 
ioeocreet or there may also be the preblem dial, even if RAM dial can operate a^ 
high speeds is used, the actual pcrfbnaanee of the RAM wiIJ not be good tf ihc 
aeeess dmiBg used is fbr low speed RAM. 

This Invisntlon was etealed la order to solve the T>T« of problems described 
above, nd lo objectJvo Is to provide a mcdsodef Betting the memory access 
draiox tfiat auiBpiadcaJty s«is the accett UmiiUf wi'ihoat any manual jnwrwotiQn. 
maUng It potttbte to exploit the Ibll capabilities of ihe RAM and to iraprove 
rtUability. 

(Method by Which die Problems are Solved] 

7h« method ©rscaing the memory acccxs timing in this rm'eBden ts characterixed 
by the logic drcoiis that aecess the memory (RAM 1 ) being equipped with , 
r^gisxen 21,22, 23.and24thatcanbesctioavazieiyofvalueaby aprssmm. 
' where the vaJoes thai ue set to these r^lsteis 31.22, 23, end 24 ore repetittvtty 
cfaaascd ccqutittiaUy by Ihe program A wfueh time tost data is written lo and read 
fiem thft mcmoiy (RAM I) and eomparisoTO ate made betWi'eeA Ihe writo dau and 
the ftad daia where the values that vvcre set when ihe Tcsxjlts of the oomparisoo 
htdicatei A mateh arc set to registers 21. 22. 2S. and 24^ so that the aeecss to the 
memoo' (RAM 1) Is performed based eo these setdags. 

nC^cniion) " ' " 

The legisccts 21, 22, 2), aod24 la this ioveotion are set to any given value by the 
progim and die fflcmoiy (RAM 0 is accessed based oil the vaiious setdBgs that 
have been set as which titnt test data ia written to the memory and trad fiom the 
memoiy.Thedata written as thb test data, and the dita that is read, are compared 
to esch other for each of the access operatioos that are based on the respective 
setdngs. and when the data that Is written to the memoir (RAM I) matches the 
data thai is read from thh memory, dicfi the tettings aie set as the Goal secdngs in 
the fcsisten 21, 22, 23, and 24. Asd after dial time dK aecess timing is determined 
based oa these final ceidngs and the neaoiy (RAM )} is aeceued with diat 
aeecas liaung wbefnha specific dm write and data read eperatiens are 
pnfurgie± 



(Exaropie of ^inbddlrnerit] 

.-ui Example of Embodlm*i»t ftf ihif lm«ntion b expWwd below ^^^^J^ 

nBWcs. Rpife I U ft block diagnsia sf iogic cimiits tfuri use i)»c method for 

Knrng «he memory Kttsi timing to <hU Emboditnent of 

I the njne fymboti are used ea conwponduig to the stnictunJ elerocnti tftown m 

Figure S. $0 the e!cplan»Hcm taz omitwd hctt. In Figure 1. 21 is the regater Cor 

d«^nnbung the timing whh which the RAS tignal il l*?*?^^.^ 

«cnntdihc-RASrtglsicrK22bthefcgi«aford^ 

which the COLS figiud Is produced (hetehiafw tamed the -COLS "C^"- 23 

^^fyi^iZ^^tbt dmleg wiih which the O^S «gDal produced 

ftSrIiXtetmed the "CaS ttgWta^l^ U the ^^^.^l^'''^^^ 

tiiDiiig iwilh which the mcmoiy acce» complete slgna) wtll be prodacrt ^ 

SSiafter tenned the "CPLT rcBlsicx^ 25. 26. TT. and 28 art the teleeton thai 

liAge^ 

Next tlM opeirfoa wiJl explained. Let us •situnt that there an five different 
fyp« of lUUU th«t can ha obtained. «T»d. the aci«» tlmi^ 
RAM. from fejtcft to fiowett are RAM,. RAM,. RAM, RAM., wd RAMj. TJe 
rctpective RAMi can be aefeossed ecircctjy by ourputilng the RaS slgPUS. COLS 
tigniLi, CAS i{gnile» lAd iqestory access complete signab shown In the umiiig 
diapiB ofFigun 2. The explanitloa described below considen the openiions 
iRAMsUlnsiallcd. 



The able hu the jealngs forUie RAS tegistef 2 U the COLS register 22, the CAS 
ivglfiiir 23. end the CPLT register 24, or in ether words, the settings for k I to kS, 
il to IS, ml to ffi5. and a) to oS in Figure 2, ore ileicd eat table. 'HusprogBm 
executes the flow chart shown in Figure 3. In other words, the progcan is 
executed (Step SIX ^ pointer indicates RAMi (Step S2X the tnlbmation 
indicised by the poimer (In tbis case. ±e aettingi kl corresponding to RAMt 
ahowu in Figuiv 2) are loaded into RAS register 21 (Step, S3),,lhc j^int(:r.is.th&r<»^ 
incicinented (Step S4X the information indicated by the poiatcr (in this case, ^ 
aeOinE II conespondiog to RAMi) is loaded Into the COLS register 22 (Step S5), 
the piiinxer b ip cica a emc d (Step S€), the fafomatlan fatdlcaxed ^ the pointer (bi 
this esse, the setting ml corresponding to RAMi) U loaded Into the CAS ctgister 
23 (Step ST), the pointer b incranented (Step Sl>. the intonnaUoo indicatadby 
the pinnter (in thia cam the setting ni co i rcs p o od iag to RAM i) b loaded into the 
CPLT cEgbtcr 24 <Stcp S9), the primer b iBcrcmcntcd (Step S 1 0). the test data b 
wiittun inio the RAMi (because b tbb case il b RAMs Cbst b installed) (Step 
S 1 IX the wiite opention b performed with die timing shown in Figure 4. 
Than data b read irmn the RAM} wiOi the riming shovm in Hgurv 5 (Step 
S12X and the that was read b cozhpared to the data that was ^liucn (Step 
513).1& tUs case, the settings are the settings kl. 11, ml. and nl that con cspo n d 
to RAM,. Thett settings do not match the timing for the conirpl signab (the RAS 
signal, the COLS signal, the CAS signal and the memofy access complete sigiiaO 
fhrRAMbSoihecomparbottinStep l3of the date that was read and ibedau that 
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was written does not indtaite a much wiih iM* timing. At t rcsuh. the proflrvn 
contSnueu to Step SU. and b ehcck U midc for ft pointer enof. If there ts an error 
-thtti aneiror itpoil Is made (Step SIS), and if thefc ia i« eirot, then the pAgrui 
renimt u> Step S3. 

The Infannation Indicated by ihe pointer when tha prosnm relums to Step S3 is 
the settitA h2 ^ coiiespontU to the RaMi thai is insuUled. and Uds setting k2 it 
loaded iitto the RAS rtgifto 21 . After dut^ihc niac ptoceo that Is dcjcnbcd 
above U performed (Steps S4 ihrou^ SIO) and Uie setdng Q is loaded into the 
COLS ivgisttr 22. the setxiog d2 it loaded into the CaS legisicr 23. the setUng n2 
is loaded Into the C?LT register 24, the test data Is written to the RAMj (Step 
SU) the daia li read ftom Ihe RaMi CStcp Sl2). end the data thai was written » 
coonartd to the dat» thst was read (Step 13). In QUs case, the RAM access tunmg 
Is set 80 that, when fte opendons for writing and reading the specified data are 
pcrform^S, the sctthigs k2. 12, fn3. and n2 eontspond to RAMa. and thus RAMs is 
acccssccl with the apptopibzi timing aad die difta that was read matches (he data 
thai was wrloen to the prognm continues to Seep Id and the aetdngv fcl, g2, ib2, 
end o2 arc set into tegUtexs 21. 22. 23. and 24 as the final tetdngs, and rcleetara 
25, 26* and 2g cause the RAS signal to be T when the ou^ Tha ♦ I of «ha 

metnoiy 

eootnt ring d b the COLS signal to be **r when the o«ptit-m -i t 
WW [heCA5algnBltobe*l*wbendieoutpiaTm2-*-l bM/aodtbemciDflir 
aeecaa eamplcie lignai to be "1" when Ihe output Tn2'ts "l.* I& addition, wfasa the 
euiptft To2 I Is * r the RAS slpiaL the COLS rigBaU the CAS sig^ and the 
mctnofy ftcceas complete slgtial all go to *0.* 

While the explanatioii of the flow chat was based on die esiumption thai RAM 2 
waa installed, if ILAMi. RAMi. |UM«, or RaMi were installed instead, the 
ptocesses in Steps 3 dirov«h 13 would beperibrmad onee, three tunes. fottrttffles» 
or five times, respectively, to set the acces) timing. 

. .Btmsp in theE»3splo^of ]BiR>& !t is pfttobSc to chsng? - 

ihc access timing using a pfc^nm, H is easy to pcrfom RAM access timing 
margin tests. In&dditiooL gtitoi^ the timing will be that for ths type of RAM 
with ther alowcs aeaess liae. even if a pmtore ofRAMs with dlfferem aeceas 
times aie installed Id die logic c&ctutg, ds RAM can stilt be accessed correctly. In 
addition. If In high-speed oomputera. the RAM access timing U set lodlvidiiaUy by 
the card, nait or the lank tmlt ortnain nemoiy. ihen even if the type of RAM la 
difibfcnt on fUfibou card units or bank iffiitt, the timing can be perlbmisd to 
mtfch £ie cflijabifiiy of die RAM. tnakSng U peuibla to preveng any io^ 
to petfbnnaace by nixing types of RAM. Additionally, In ths program that 
dctannlnesditseQioga, his possible to let the access timing thai is opdmlredlbr 
die RAM distia installed and that ii able to ftilly exploit Ihc capabilities ofdie 
RAM tlimvgh selecdng die optimal vahzes through changing dw settings 
flnar faisremcnts. cadier diaa determining the senings in such a way as to 
compensate for the minor timing difierenees bcoMecn the various RAM 
monifaeiSBring loeadonsL If In die program aeeess timing seving checks oe 
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1)13 Responsive to communlcatlon(s) filed on 27 Aorii 2001 . 
2a)D This action IS FINAL. 2b)BI TWs action Is non-final. 

in Since this appHcation Is In condlUon (or anowance except for fonnal matters, prosecution as to Ihe meiits is 
closed In accordance with the pracUce under Ex parfe Ooayfe. 1035 CD. 1V 453 O.G. 213. 

Disposition of Claims 

4) ia Clalm(^ isi'i74 and 176-186 Is/are pending In the application. 

4a) Of the iBbcve dalmCs) I'iSO end 175 Is/are wRhdrawn from consideration. 

5) D aalm(s) Is/are iillowed. 

6) 12 rlfltm/j;^ iSl,l74 and 176-186 Is/are rejected. 

7) 13 ClBlm(s) is/are objected to. 

B)D Claims . are subject to restriction and/or election requirement 

Application Papers 

0f)O The spedAcatlon Is objected to by the Examiner. ^ 
S';tf.iO)G TTie ur8wJrtQ(ife)"flleS'^oii__.^ la/are^^ '• '**" 

11}D The proposed drawing correction filed on Is: a)Q approved b)D disapproved. 

12) D The oalh or dedaratloii is ob)ected to by the Examiner 

Priority under 35 U.S.C. § 119 

1 3) D Acknowledgment is made of a dalm for foreign priortty under 35 U.S.C. $ 1 1 9(a>'(d) or (0. 

a)OAIl b)^ Some'c)0 None of: 

1.0 Certlfted copies of the priority documents have been recehred. 

2. n Certified copies of the priority documents have been received in Application No. _^ . . 

3. D Copies of the certified copies of the priortty documents have been received in this National Stage 

application fi-omlhe International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received 

14) 0 Acknowledgement Is made of a dalm for domestic priority under 35 U.S.C. § 1 1 9(e). 
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Application/Control Number. 09/492,982 ^^9® ^ 

Art Unit: 281 B 

1. The following action is in response lo the amendment filed by Applicants on April 
27, 2001. 

2. Claim 151-174 and 176-177 are pending. 
New claims 17<)-186 have been added. 

3. The Information Disclosure Statements submitted by Applicants on February 12. 
2001. JVIarch 12. 2001, April 27, 2001 and May 10, 2001 have been received and fully 
considered. 

4. Claims 151-174 and 176-185 are rejected under 35 U.S.C. 112. first paragraph, 
as containing subject matter which was not described In the specification in such a way 
as to enable one skilled in the art to which it pertains, or v\nlh v/hich it is most nearly 
connected, to make and/or use the invention. Applicants failed to provide an adequate 
written description of how the memory controller provides the block size information to 
the memory device. The Examiner waS:Unablejto find^he suppp^^ nf^e'^t>ry.v:'^=5 
conlroHer in the speafication. 

5. The following rs a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to e patent unless - 

(b) the Invention was patented or described In t prtotted pubHcation In thii or a foreign country or In public 
use or on sale In t^ds country, more than one year pfier to the date of appticalion lor patent in the United 
States. 

6. Claims 151-153. 156. 159-162. 166-167. 171-172. 174, 178. 180. 182-184. 186, 
as best understood, are rejected under 35 U.S.C. 102(b) as being anticipated by Laid 
Open Patent Application Sho 60-55459 (hereinafter JP '459). 

JP '459 disclcsed in figures 4-5 a memory control device (2) for controlling the 
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Application/Control Number: 09/492.982 Page 3 

Art Una: 2818 

biQck data transfer to and from memory (1 J. In page 6, JP 1459 disclosed a method for 
write access wherein a function signal [231] and data (233] from the access origin are 
set in a function register [209] and a write data register 1207). if block data transfer 
control circuit [206] dewdes the contents of function register 1209] and detects that it is 
a write request for the Iransfer origin address, the content of write data register [207] are 
set in transfer destination address counter [202], and response [230] is transfen-ed to 
the access origin (page 6. lines 34-38). JP '459 further disclosed as the memory 
function signal [241] is made the write mode, and the contents of transfer destination 
address counter [203] are output as memory address signal [242]. memory data [243] is 
transferred to and stored at the transfer destination memory area (page 7. lines 32-34). 
7, Claims 154-155. 157-158, 163-165, 168-170. 173. 176-177. 179. 161. 185 would 
be allowable if rewritten to overcome the rejection(s) under 35 U.S.C. 112. second 
paragraph, set forth in this Office action and to include all of the limitations of the base 
claim and any intervenirig claims. 

Any Inquiry concerning this communicetion or earlier communications from the 
examiner should be dii-ecled to Tan T. Nguyen whose telephone number is (703) 308- 
1298. The examiner can nomially be reached on Monday to Friday from 08:00 AM to 
04:00 PM. 

(f attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor. David C. Nelms. can be reached on (703) 308-4910. The fax phone number 
for the organization whiere this application or proceeding is assigned is (703) 308-7724. 
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Application/Control Number 09/492,982 Page 4 

Art Unit 2816 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 
0956. 



Tan T. Nguyen 
Primary Examiner 
Aft Unit 281 8 
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In the Application of: 

FARMWALD et al. 

$arial Mo: 09/4S*2,982 

Filed: JJ^ARY 21, 2000 

Title: METHOD OF OPERATING A MEMORY 
DEVICE FUVVIN6 A VARIABLE DATA 

INPUT LEtJgTH ' 

Assistant Commissioner for Patents 
Washington, DC 2023X 

BOX: NO FSB 



.RESPONSE TO OFFICE ACTION 

Dear Sir: 

In the Office Action mailed May 22, 2001, claims 151-174 and 176- 
186 have been rejected under 35 U.S.C. S112, first paragraph aa 
containing subject matter not described in the specification in such a- 
way as to enable one skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and/or use the invention. 
Furthermore, claims 151-153, 156, 159-162, 166-167, 171-172, 174, 178, 
180, 182-184, and 186 have been rejected as being anticipated by 
Japanese Laid-Open Patent Application No. 60-55459 (hereinafter "the 
•459 Application"). Each rejection is addressed separately below. 



Group 

Art Unit: 2818 
Before 

Examiner: T. Nguyen 
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Rejec^on - 35 O.s.c. 5 112, first paragraph: 

Claims 151-174 and L76-186 have been rejected under 35 U.S.C. 
§112, first paragraph, in that Applicants failed to provide an adequate 
written description of how the memory controller provides block size 
information to the memory device. Applicants respectfully disagree. 

The specification of the above-referenced application describes 
a method of controlling a memory device by a memory controller. (See, 
for example, page 13, lines 13-17) . In one embodiment, this method of 
controlling includes providing block size information to. the memory 
device wherein the block size information is representative of an 
amount of data to be input by the memory device. (See, page 22, lines 

7-10 (^•The last byte contains ... BlockSize [0:3) " ) ; page 27, 

lines 23-30 (the Mock size Information "specifies the size of the data 
block transfer") ; and page 20, line^3 to page 21, line l,^j[the iiR^mory 
device — accept [s] data from the master (in the case of a write 
request) in a data block transfer."); in addition, see page 74, lines 
1-31) . 

One type of encoding scheme for the block size is described on 

page 27, line 24 to page 28, line 11 of the specification. In this 

regard, the application states: 

BlockeizQ[0!3] specifies the size of the data block 
transfer. If BlockSire(0] is 0, the remaining bits are the 
binary representation of the block size (0-7). if 
BlockSize [01 is 1, then the remaining bits give the block 
size as a binary power of 2, from 8 to 1024. A zero-length 
block can be interpreted as a special convnand, for example, 

Poge 2 
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to refresh a DRAM without returning any data, or to change 
the DRAM frow page n»de to normal access mode or vice-versa . 
(page 21, lines 23-30). 

The applications notes, however, that - Iplersons skilled in the art 
will recognize that other block size encoding schemes or values can be 
used,'' (page 28, lines 13-14). 

Thus, Applicants respectfully submit that the application, as 
filed, provides an adequate written description of how a controller or 
master controls a memory device, in connection with a write operation, 
via providing block size information to the memory device. 

Rejection - 35 Ci.S.C. S102(b): 

The pending rejection under 102(b), in view of the ^459 
application, is substantively identical to the rejection set forth in 
— ths Office Action datad August r, -2000; -wljcrein tbc Examiner rejected 
the then pending claims, under 35 U.S.C. §102 (b) , based on the M59 
Application. This rejection was addressed in the Amendment dated 
October 31, 2000, The rejection was believed to be overcome, as 
demonstrated by the Notice of Allowance mailed November 28, 2000.* 
It is respectfully submitted that the M59 Application does not 
anticipate claims 151-153, 156, 159-162, 166-167, 171-172, 174, 178, 



*By way of note, in a telephone interview on November 21, 2000, 
the Examiner expressed a concern that claim 151 could be interpreted in 
such a way as to read on the M59 Application. Applicants submitted an 
Amendment on November 22, 2000 to address the Examiner's concern. A 
Notice of Allowance was mailed on November 28, 2000. 

Page 3 
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180. 182-184. and 186. » In this regard, memory 1 disclosed in the '459 
Application — unXike the claimed invention •^-^ is. asi provided nor does 
it receive information indicating the -number of words to transfer-' as 
required by the claims of the instant application. For example, claim 
161 recites in pertinent part: 

A method of operation in a synchronous memory device, . . . 
the method o£ operation of the memory device comprises: 
receiving first block size information from a memory 
controller, wherein the first block size information 
represents a first amount of data to be input by the memory 
device in response to an operation code; 

The memory in the M59 Application does not receive block_ ^e 
information. Rather, memory 1 of the M59 Application responds to the 
sequ'entliiW'^P'li^^^ control signals from the' memory 

control device 2 in order to store the appropriate number of words. 

It is the memory control device 2 of the '459 Application which 
receives, decodes and stores the information indicating the number of 
words to be stored in memory 1 . The memory control device 2 si:ores the 
number of words in a counter, and, based thereon, generates and 
sequentially applies the appropriate address and control signals 
necessary to write the words to memory 1. The information indicating 



*The discussion below is very similar to the discussion set forth 
in the October 31, 2000 Amendment. 

'For the purposes of this discussion, the phrase ** number of words 
to transfer^ may be assumed to correspond to "block size information** . 

■ Page 4 
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Che number of words to transfer is nst provided to memory 1 (and 
such, memory 1 doe's not receive such information). 



jK^ Annlication 

The *^59 Application discloses a system including memory 1, memory 
control device 2, cache memory 3, a main processing device 4, and an 
input/ output processing device 5. (See Figure 2). The memory 1 is 
connected to memory control device 2 via memory bus 6. Memory control 
device 2 and input/output processing device 5 are both connected to bus 
7 (See, the '459 Application, page 3 lines 11-16, and Figure 2). 

Conununication between memory 1 and devices connected to bus* 7 is 
executed via memory control device 2. In this regard, the '459 
Application states that "control of reading or writing from memory 1 is 
-performed" by memory control device"2 viaimem6ry'bus-6=:'"'-'\pa9e 3, "rihe^" 
13-14) . The memory control device 2 controls memory 1 via a memory 
interface which includes memory address signal 242, memory data [bus] 
243 and memory response signal 240. (See, the '459 Application, page 6, 
lines 17-21) . Address signal 242 and data 243 are employed to transfer 
address and diata, respectively, between memory control device 2 and 
memory 1. (See, the '459 Application,, page 6 lines i8-21 and Figure 6) . 

In operation, a number of words to transfer," together with 
origin and destination addresses, are provided to memory control device* 
2. (See, e.g., the *459 Application, page 4, lines 36-39). Memory 
control device 2 increments or decrements source and destination 
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address counters while maintaining a count of the number of zfemainlng 
words to be tra:nsf erred to memory 1. In this regard, the '459 
Applicatiotir on page 5r lines 21-24 states: 

The counter for the remaining number of words to transfer, 
which is set with number of words to transfer, is 
decremented each time data is transferred and stored, and 
when that count value reaches lero, transfer ... ends. 

The memory control device 2 of the M59 Application, at all times, 
maintains the information regarding the number of words to transfer, 
generates the appropriate control and address signals, and applies the 
control and address signals which are necessary to transfer the 
requested number of words to memory 1. (See, the '459 Application, page 
7, lines 26-39, and Figure 9) . The memory control device 2 receives, 
decodes and stores, in a counter 203, information indicating the number 
of words to transfer to memory 1 and, based thereon generates addrf>v*?« 
and control signals and sequentially applies those addresses and 
control signals In order to transfer the indicated number of words from 
memory 1 . The memory control device 2 does uqx^ provide information 
indicating the number of words to transfer to memory 1. 

Although the '459 Application does not describe memory 1 in great 
detail,* memory 1 is most likely a standard off-the-shelf memory device 
or memory module incorporating the same, for exaoiple> memory devices 

* The ^459 Application suggests the use of ^'The latest dynamic 
RAMS' featuring **Nibble Mode Support" as in Nikkei Electronics, April 
1983.*' (see page 8, lines 38-39). 
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like those described in the Kung et al., U.S. Pat. 4, 449,207, and voss, 

U.S. Pat. 4,646,270. The memory I described in the *459 Application 

does not appear to input or output data synchronously with respect to 

a clock signal. Instead, control signals such as function signal 241 

and memory response signal 240, generated by memory control device 2, 

are employed to signal the transfer of data between memory 1 and memory • 

control device 2. (See, the '459 Application, Figure 9, and page 7, 

lines 26-34) . The writing of data to memory 1 from memory control 

device 2 Is described on page 7, lines 31-34 as follows: 

. , .after response 240 is acquired, if memory function signal 
241 is made the write mode I ) the contents of transfer 
destination address counter 203 are output as memory address 
signal 242, memory data 243 is transferred to and stored at 
the transfer destination memory area." 

Th^ Pops Not Anticipate Claims 151>153r XSg, 159> 

Claim 151 is directed to a method of controlling a memory device 
and requires, among other things, providing first block size 
information to the memory device. The first block size information is 
representative of a first amount of data to be input by the memory 
device in response to an operation code. 

As mentioned above, information indicating the number of words to 
be transferred by the memory control device 2 is not provided to memory 
1. Instead, memcny control device 2 of the M5S Application receives, 
decodes and stores that information in a counter, and, based thereon, 

Page 7 
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sequentially generates the address and control signals necessary to 
write the words co the tnembry device, in this regard, the system 
described in the *459 Application is similar to the system described in 
Jackson, U.S. Pat. 4,315,308'. The claims of the parent (i.e., App. 
Ser. No. 09/252,997, now, U.S. Pat. 6,034,918) of the instant 
application were initially rejected as being anticipated by Jackson but 
ultimately found patentable over Jackson. 

Importantly, memory 1 of the '459 Application does not receive 
information indicating the number of words to be transferred. The 
memory 1 simply responds to the sequentially applied address and 
control signals provided by memory control device 2. 

Thus, for a-:: least these reasons, the M59 Application does not 
anticipate claim 151 or the claims which depend therefrom.' 

Thft 'flSq MBP. Pees Wot AntieloatP Claims 161 > 162, and ^66-16^/ 

claim 161 is directed to a method of operation in a memory device, 
and, like claim 151, requires that the memory device ranojiro first 
block size information from a memory controller. 

* Jackson, U.S. Patent 4,315,308, formed the basis of the 35 
U.S.C. S102 (b> rcijection made in the parent application (App, Ser. No, 
09/252,997, now, U.S. Patent 6,034,918) It was previously noted that 
the ^459 Application is similar in many respects to Jackson. 

* It should be noted that claim 152 requires that the memory 
device inputs the first amount of data synchronously with respect to an 
external clock signal. The memory disclosed in the ^459 Application 
does not input data in this manner. 

Page 8 



For reasons iilnllar to those mentioned above, the memory disclosed 
in the '459 Application does not receive the information indicating the 
number of words to be transferred. The memory of the • 459 Application 
simply responds to the sequentially applied address and control signals 
from the memory control device 2. The memory control device 2 
receives, decoder and stores information that indicates the number of 
words to be transferred to memory 1 in a counter, and, based thereon, 
generates and seouentially applies the appropriate address and control 
signals necessary to write the appropriate number of words to memory 1. 
The information indicating the nuiriber of words to be transferred is £jo£ 
provided to memory 1 • 

Thus, for at least these reasons, the *459 Application does not 
anticipate claim 161 or the claims which depend therefrom. 

The '459 App. Does Not Anticipate Claims 171-1 72> 174 and IBS 
r. 'r-*- . -sCiaira*l71 is directed to a netScd of opa'ration of -aH'^ahtogrVt'W 
circuit, wherein the integrated circuit includes a dynamic random 
access memory arjray. Claim 171 requires, among other things, that the 
integrated circuit xec&ycg block size information. The memory device 
disclosed in the ^459 Application does not receive the information 
indicating the number of words to transfer. Thus, for at leagfc this 
reason, the ^459 Application does not anticipate claim 171 or its 
dependent claims. 

Page 9 
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Information Disclosure Statement 

Applicants siitomit concurrently herewith en Inforwation.DiBclosure 
Statement <IDS) and accoii5>anying Form PT0.1449, identifying two (2) 
references, namely U.S. Patent 5/034.964 and Japanese Patent 
Application NO. SS2.51509. that were both identified in previous IDS 
submissions, but were not clearly noted (by way of. for exanple. the 
Bcaminer -B initials) by the Examiner as being formally considered. For 
the convenience of the E^miner. a sfifiJt of the Form PT0.1449 
identifying each reference is attached. It is respectfully requested 
that the Examiner maXe his consideration of these references clearly 
and formally of record with the next Action. 

Applicants request entry of the foregoing Amendment. Applicants 
submit that all of the claims present patentable subject matter. 
Accordingly/ allowance of all of the claims is respectfully requested. 

' it is ' noWd that" sh^^^ expedite the 

prosecution in any way, the Examiner is invited to contact Neil 
Steinberg at 65Ci-9«7-S325. 



Respectfully submitted. 



Date 




Neil A. Steinberg 
Reg. Ho. 34.735 
650-947-5325 
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Xn tto Application ott 

FARMWALD et al . 
Serial No: 09/492.962 
Fileas JANUARY 27 « 2000 
Titles 



METHOD OF OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT LZ3IGTH 



Group 
Art Ublti 



2618 



Before 

Examiner: T. Nguyei 



Assistant Commiiisioner for Patents 
Washington, DC 02 31 




( hotby cotUy ttii Qui centipendace ii bdm 
Apaticd thB Uduri Sttta reni 1 SavtM 
u fni diu tittil «(tb wiflldeM pcBife in a 
covctopc tddtcned ts Cnonmitaan of 
?sttns ttd TradenHb. Wutwiftacw D.C 

(Nsfflr of taM Maabi Cfl wop ww to ce) 



ZN70BMATX0N OZSCXASDRS STATEMENT 

Dear Sir: 

Applicants isubmit concurrently herewith an Information Disclosure 
Statement (IDS) citation Form PTO-1449. listing 2 (two) references, 
namely U.S. Patent 5,034,964 <hereina£ter the *964) and Japanese Patent 
Application No. S62-51509 (hereinafter the *509). Both the *964 and 
*509 have been identified in previous IDS submissions, but not noted 
(by way of, for c^xample, the Exajniner^s initials), by^the Examiner as 
being fbrTTialiy considered. For the convenience of the Examiner, a coov 
Of the Form PTO-1449 identifying each reference is attached. 

It is respectfully requested that the Examiner make his 
consideration ot these references formally of record with the next 
Action. The Commissioner is hereby authorized to charge Applicants* 
Deposit Account No. SQ-OQ^q for any fee required in connection with 
this submission. A duplicate copy of this sheet is enclosed. 



Respectfully submitted. 



Date; 



3f 




Neil A. Steir^erg 
Reg. No. 34,735 
650-947-5325 
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Nguyen 
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INPORMATXQN DZSCX«08iniS STATBlSiT 

Dear Sir: 

Applicants submit concurrently herewith an Information Disclosure 
Staten4nt (IDS) citation Pom FTO-1449, listing 2 (two) references, 
namely U.S. Patent 5,034,964 (hereinafter the '964) and Japanese Patent 
Application No. 562-51509 (hereinafter the *509) . Both the '964 and 
'509 have been identified in previous IDS submissions, but not noted 
(by way of . for exainple. the ExairvyiQr initi^ by the Examiner as . 
b^eanig formally considered. For the convenience of the Examiner, a uouy 
of the Form PTO-1449 identifying each reference is attached. 

It is respectfully requested that the Examiner make his 
consideration of these references fomally of record with the next 
Action. The Commissioner is hereby authorized to charge Applicants' 
Deposit Account No. 5iL=Jiaaa for any fee required in connection with 
this submission. A duplicate copy of this sheet is enclosed. 



Date: 



Resp&ctfully submitted. 




Neil A. Steinberg 
Reg. No. 34.735 
650-947-5325 
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DetaUs 

1. Nameof Inventian . ...^ . » 

Method for Setting Memory Access Timing 

2. Patent Ctains 

A mettiod for setting menory access timing in a logical circuit that accesses 
memoty, chaneteriad by the provision of a fcgista for which a variety of values 
can be let by a program, by repetitively having the value set in said register be 
changed sequentially by the program and perfonning test writes to the Dcmoiy 
. and test feeds from the memory where the data that is written is eompaied 10 the 
data tbit is read, by setting lo the register the setting that was in eflfeei when the 
results of the eomparison malcbed. and by accessing die memory based cm laid 
setting. 
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{. Detailed Explanation of the Invention 

VArcft of AppUcatioft in Industry) 

This invention pertains to a method for setting (he reemorv acccu liming in order 
to set the access timing for random access memory (hereinafter abbreviated 
"RAM*) thai IS equipped in, for example, data proeessing devices. 



(Prior Art] 

Figvov 6 shows a block diagram of the logic circuits that use the conventional 
ffiemory acceta timing set method In the figure. 1 is RAM (using the example 
whcrr a dynamic RAM is used)* 2 it an address multiplexer. 3 is a mohiplexed 
address bus coxmecong the RAM \ with the address multiplexer 2, 4 is an address 
bus connected to the addreu imiliiplexer 2, 5 U a data bus connected to the RAM 
t, and 6 is aeaemoty control ring, tn addiden. 7 ba flipnop for generating the 
row address adeet sigaal (RAS signal), hereinafter abbreviated *RAS nipfiop," B 
is a flipfiop for genemiiDg the eohtran address select signal (CAS signal), 
heretnaf cr abbreviated *CAS flipfiop," 9 is a flipfiop for gcneraring the column 
lelect »l||oaJ (COLS signal), hcnlnsAcr obbrcriatcd 'COLS fllpflop.** 10 Is aa 
AND gice. 11, 12. and 13 aro OR gates. 14, 15. and 16 are NOR gates, and 17, 18. 
19. and 20 arc jumper lines for seleedng the output from the meowty control ring 
6 that is to be tised. AddhlonaJly. for simplieity in the explanation, the logic 
circuits ilbr refttshisig the RAM I are oot shown. 

The operation of this method is described below. In this cxplajtttiorv '*1* iitdicates 
ciiba the active level or the high logic level, while "0* indicates the inactive level 
or the lo>w logic level. The memory control ring 6 is enabled and placed in an 
operational state when the memory acceu mode signal of line L I goes to " 1 .* 
■nd, lyr^hroniaed to the master clock on line L2, the outputs TO. Tl. . . . Tk. . . 
Tl, . . Tm, .,.,Tn,... ►Te-l,Te are sequentially set to T ioihesute 
transitions. Whco the memory access mode signal is "O." all outputs TD to Te 
from thf! memory control ring 6 go to "0." The respective flipflopa 7, 8. and 9 
„.^ T-.ep gh oirtput tb^ir Jatchsd signiils Ber^m lHc cutpui irrs;;:,^! £2.>h;'aiM) outpin " . 
the inverse of the latched signal on output terminal O of nch. The RAS signal, 
CAS fi{,rnal, and WE signal applied, respectively, to the RAS. CAS. and WE 
terminals of RAM I arc each active at *1.* In addition, io this conveolional 
examplf?, Jumper lines 17, 1 B, 1 9. and 20 are set by band, selecting, respectively, 
ompuu Tk, TU Tm. and Tn of the memory control ring 6. 

Below will be eicplaiaed an example of an operation to write to the RAM 1, 
relercadag the tinuag chart shown in Figure 4. When the memory access 
commences, both the memory access mode signal on Line LI and the write mode 
signal on Line 3 both go to "1." At this time, the address is applied to the address 
bus 4, the row address b selected by the address multiplexer 2 and is output on 
the muldplexed address bus 3. At this time the write data is applied to data bus S. 
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In ihu «vay. the row address and write dau vc Applied, and. as described above. 
U\e mernor>- access mode signal of line LI is at "1 .* so (he memory control ring 6 
commences operatiotis. and ihcre are stale transidons so thaioutputtTO. Tl, . . « 
Tk seqitenually go to * I When Tk goes lo "1 ihc "P output Tk is applied to 
lerminiJ D of the RAS nipflop 7 throufth die jumper line 17 and OR gaU 1 1. and 
when output Tk 4' I of memory control ring 6 goes to * I the RAS tignat that is 
output from output teiminal 1 of the RAS flipOop 7 goes to In addition, at 
this time the Inverted signal diat is ouipui ffom (he output terminal 0 of the RAS 
nipflop 7 goes lo "0/ causing the mitpiit of the NOR gate 14 to go to ~ I and the 
output of the OR gate U to go to * I * causing the output of the RAS flipflop 7. or 
in other words the RAS signal, to be held at " 1 * even if the memory control ring 6 
status iidvancet. When 6e 'I" output of the memory ctmtinl ring 6 (nnshions 
fjroro Tl to T1 I ; the same operation as described above causes the COLS sitpial. 
wMcb is the output of the COLS fiipflop 9, to be held ai "1 This COLS signal 
eauses the address multiplexer 2 to output the column address to the multiplexed 
additsii bus 3, and the output of the AND gate 10, or io other words the WE 
signal that is applied to the RAM t terminal WE, goes to "U* placing RAM ! in 
write mode. When the " I" output ofihfi memoiy control ring 6 ttansitio&s from 
Tm to tm •*> 1. a operation similar to what was described above causes the output 
of the CAS fUpOop S, or in other words the CAS signal, to be held ai *1." As 
desciited above, ike RAS signal, the CAS sigoaU the WE tignal, asd the COLS 
signal all go to putting all coDditions in place to write to the RAM 1; hence 
the dtti write operation Is perfonned, the status of the memoiy control nog 6 
advances, ind the write operation is concluded at the point in time where the 
ootptis Ta - 1 goes to '1.* When the output Tn of the memory control ring 6. or in 
other v/ords the memory access complete signal on Hoe 4. goes to T followed by 
the output Tn 1 going to "l," the memory occess mode signal on line L I and the 
write mode signal oo Unc L3 both go to 'O,* causing the outputs of the NOR gates 
14, I S. and 16, along with the outpuuof theORgates II. 12, and H to goto "0"; 
consequently, the RAS signal, the CAS signal, and the COLS signal all go to "0,* 
complcrting the operation for writing to the RAM 1. Note that TW shown in 
Figuns 4 is the period over which the write mode conditions arc fUiflUed by the 
control sjptai sto the (LAM I <i.e., .the memory access mode signal, the write 
nv)de iiitt£lh«'IC^8^|D«il7d^^ signal, the CAS slgsal. and the WE 
signal). 

On t)K other hand, in the operations to read Grom the RAM I . as shown in Figure 
5, the tvrite mode signal and the WE signal go to '0,* and at Che point In time 
when the output Tn- 1 of the memory cootrel ring 6 ceases to output or Id 
other vwds, at the point in time when the output Tn goes to the output data 
that u read from the RAM I is assumed to be set, and with the output To, the data 
oo the data bus 5 is accepted. At this time, when, in operations similar to the write 
operanons desciibcd above the output Tn 'M of the memory control ring 6 is to 
go to "l." all control signals become inactive and the operations to read ftom the 
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RAM 1 ore temiinated. Note that the TR shown in Ft]{Ufe 5 15 the period of time 
over which ihe control xignaU 10 the RAM 1 fuinil the nsad mode conditions. 

(Problems Solved by this lnvention| 

(ft the conventionAl method for jetting the memory access timing, the pan that 
sets the RAM access timing a set by jumper D{m». and thus ii requires a manual 
intcrveniioa to set the jumper lines. AdditionaJl> , generally RAMs have a variety 
of different access times, and when the cypc of RAM (has is used is changed it is 
necessary lo change the settings of the jumpers in order to change the access 
timing, and. as a result, the RAM cannot be accessed coneeily If the tcRiag is 
incoirect or there may also be the problem that, even ifRAM that can openie at 
high speeds is used, the actual performance of the RAM wiU not be good If the 
access timing used is for low speed RAM. 

This ioveniion was created in order to solve the types of problems described 
above, and iu objective is to provide a mediod of secdng the memory access 
timing that autoptatJcaUy sets the access liming %vithout any manual iDtervmtien, 
raakine it possible to exploit the AUl capabilities of the RAM and to improve 
reliability. 

(Method by VVhIch the Problems are Solved] 

The method of settiBg the memory access timing in this Invention Is chaeacierired 
by the logic circuits that access the memory (RAM I ) being equipped with 
registers 2 1, 32, 23. and 24 that caa be set to a variety of values by a program. 
' where ihe values that are set to these regisicfs 21 . 22, 23, and 24 ore repetitively 
changed sequentially by Ihe program at which time test dau is written 10 and read 
from tlie memory (RAM I ) and eomparisons are made between the write dau and - 
the resd data where the values that were set when the results of the comparison 
indicates a match are set to registers 2 1, 22, 23. and 24. so that the access to the 
memory (RAM t } is performed based on these settings. 

(Operation) 

The reglsters 2 1, 22^23. and 24 in this invration are set to any gi vetii^yalus»byvthc 
.--rf3«:>j«>^-^«s;ii'..«*''--- . . " '• prol^n^ eitd Uts mcml>xy (RAM if 

have b«ca set. at whkh time test data is written to the memory and read ftom the 
memory. The data written as this test data, and the data (hat b read, arc compared 
to each other for each of the access operations that are based on the respective 
settiap, and when the data that Is written to the memoiy (RAM I ) oiatches the 
data ^at ia read from the memory, then the scninss arc set as the Goal settings in 
the legistas 21, 22, 23, and 24, and after that time the access timing b dcterniined 
based 00 these final settings and (he memory (RAM I } is accessed with that 
access timing when the spectfie data write aiid data read operations are 
performed. 
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(Example of Hit bodimcm I 

An Eiuuiiple or Embodiment of (hif invention it expUined below based on the 
figures. Figure I is a bluck diagrun of logic circtuts that use the oierhod for 
sening the memory access liming in this Embodiment of the invention. In Figure 

I the sacie symbols are used as contsponding to the svuctura) elements shotvn in 
Figure 6, so the explanalions we omitted here. In Figure I, 21 is the register for 
determining the timing with which the HAS stgnaS is produced (hereinafter 
termed the "RAS fcgister). 22 is the register fbrdetemining the timing with 
which t>« COLS signal is praduced (herdnafter termed the "COLS register^ 23 
is the re|{ister for detennimng the timing with which the CAS signal is produced 
(hereinafter termed the "CAS regifter*). 34 is the register for determining the 
timing v/ith which the memoo' access complete signal will be produced 
(hereinafter termed the "CPLT rcgistcO. 23. 26. 27, and 2 B art the selectors that 
select one output from output TO to Te of the e -t* 1 registers is memory control 
ftng 6. 

Next thi: opention will be explained. Let us assume that there are five different 
types of RAM that can be obtained, and. the access timing on-these types of 
RAM, from fastest to slowest, are RAMi. RAMi, RAM) RAM«, and RAMt. The 
respective RAMs can be accessed correctly by outpimiog the RAS signals, COLS 
signals, CAS signals, and memory access complete sigos^s shown in the tinuDg 
diagram of Figure 2. The explanation described below conslden the operations 
when RAM) Is insistled. 

The table has the settlngi for the RAS regiiter 2 K the COLS register 22, the CAS 
register 23. and the CPLT register 24, or in other words, the settings for kl to k5« 

II to 15. mi to mS, and nl lo nS b Figure 2, are stored as a table. This program 
executes the flowchan shown in Figure 3. In other words, the program ts 
executed (Step Si), du pomier indicates RAMi (Step S2), the information 
indicated by the pointer (in this case, the settings kl corresponding to RAMi 
shown In Figure 2) air loaded Into RAS register 21 (Step S3), the pointer is then 
incremented (Step S4). the information indieated by the pointer (in this case, the 

. s<(s«;»5KI.^on«r^^ 

"^e '^mcr is increnBoited (Step S6). the informatioo indicated by the pointer (in 
this case, the setting ml corresponding to RAMO is loaded into the CAS register 
23 (Sie)> ST), the pointer b increraenied (Step 5S). the tnfomiatton indicated by 
the pointer (in diis case the setting nl corresponding to RAM|) b loaded into the 
CPLT regisio' 24 (Step S9). the poimer u iocrementcd (Step SI 0). the test data b 
written into the RAMs (because in thu case it is RAM] that b installed) (Step 
SIIX end the write operation u performed with the timing ihown in Figure 4. 
Then the dsn is read ftem the RAMj widi the timing shown la Figure 5 (Step 

512) , andthedttlathaiwBSreadiscompared to the data that wu written (Step 

513) * In this case, the settings are die settings kl, II . ml, and nl that correspond 
to RAMh These settings do not match the thning for the control signoU (the RAS 
signal, rJie COLS signal, the CAS signal, and the memory access complete signal) 
for RAMi. so the comparison in Step 13 of the dan that was read and the dau that 
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was written does not indicate a match with this liming. At a retvlu the program 
continues to Step S 1 and d check is made for i pointer error. If there U an eiror 
then &n error repoit is made (Step SI 5). and if there is no error, then the program 
returns to Step S3. 

Jltejnfonaadon iiidlcued by the pointer when the program returns to Step S3 b 
the setting U that corresponds to the RAM] that is installed, and this setting k2 is 
loaded ixito the RAS register 31 . AAer that, the same process that is detcribed 
Qbove ts perfonned (Steps S4 ihrou)^ SIO) and the setting 12 is loaded into the 
COLS rrtgister 23» the scttiag m2 is loaded into the CAS register 23. the setting n2 
a loaded into the CPLT re^stcr 24, the test data is .written to (he RAMi (Step 
SI I) the data is itad ^m the RAMi (Step S12). and the data thai was written is 
eompaitd to the data that was read (Step 13). is this cose, the RAM access timing 
is set so that, when the operatioiu for writiog and reading ths specified data are 
performed, the settings kX 12. in3, and n2 correspond to RAMa, and thts RAM] is 
accessed with the appiopriate timing and the data that was read matches the data 
that wns wrltteo so the program continues to Step 16 and the settings k2. 82. m2, 
and n2 if« set into registers 2 1. 22. 23. and 24 as the final sctdngs. and selectors 
25. 26, :!7. and 28 cause the RAS signal to be ^1" when the outpm VO, t of the 
manor)' contrel ling 6 is "1 * the COLS signal to be T y»/txn the output TI2 ^ l 
ti "l,* the CAS signal to be "1 * when d» output Tm2 ^ I is *1 and the memory 
access complete signal to be "P when the output Tn2 is '*!.* In addition, when the 
output 1*a2 I b *l* the RAS signtl. the COLS signal the CAS st^ and the 
memoi)- access complete signal edl go to "O." 

While the explaj\ation of the flow chart was based on the issumpUon thai RAM 2 
was inffalled. if RAM i. RAMj. RAM«. or RAM* were Installed instead, the 
proeeasiss In Steps ) through 13 would be performed once, three tiflMS, four times* 
or five limes, respectively* to set the access timing. 

Because in the Example of Embodiment described above, it b possible to Change 
the acccsa timing using a program, it is easy to perform RAM access dming 
maigin tests. In addition, although the timing wiU be that for the type ofRAM 
with thir slowest aecets time, even If a mixture of RAMs with different access 
tiAeS^eitrihstsl'ej! the lo'cic-cijiuitsf^*ja:^r<js^ be accessed cbrrcctiy. In * ''^ 

additiofw if In high-speed eomputers. the RAM access timins is set individuaUy 
the cord unit or tfao bank unit of main memory, then even If the type of RAM is 
diRereu on dlfifescnt card units or bank units. \hc ticnlng can be performed to 
match the capabiUiy of the RAM. making it possible to prcvem any impedimenu 
to performance by mixing types of RAM. Additionally, in the program that 
detcnnines the settings, it is possible to set the aceess timing thai is opumized for 
the RAM that is Installed and that is able to Ciilly exploit the capabilities of the 
RAM through selecting the optimal values through changing die settings in even 
finer tn-aemccts, rather than determining the settings in such a way as to 
compensate for the minor liming differences bcmxen the vuious RAM 
rnaaufacturing loeattoiu. If in the program access timing setting checks are 
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perrotmcd for all Addresses of ill RANt. iHcti ii is possible lo identify (he It^M 
that has i:mn even irdifferem types oFKAM (with difTerent access times) are 
• mixed. 



Funhennore. to the Example of Embodiment described above, dynamic RAM 
was used as the e xampte. when siaric is used then the chip select (CS) 
signal and the eiuiput enable (0£) stgnai can be cotiirolled instead fif the HAS 
signal aitd the CAS si^naL Although in the Example of Embodiraettt above a 
memory control xing was used to control the RAM eccess timing, the method of 
this invention can also be per&med by esiabltshing for each signal lo be 
controlled by the.progiam a eembination of a counter into whieh data can be 
loaded and a register that sets value that it loaded into the counter ai die Initial 
value. 



(Effects of the Inyentioa] 

. Using the inventioa described above, it is possible to set the memoiy access 
. timing sutoraatieatty without a manual intctvention because a register is provided 
wherein a variety of difTerent values can be set by the pmgram where the values 
that are set into this reglsur are repetitively changed sequeiuielly. test daU is 
written no the memoiy and then read from tbc memory, and the data that was 
written fj compared to the data that ts read and the values thai were set when the 
results of the comparison Indicate a match arc set to the register so chat the 
meaaor)' is accessed based on those settings, it is ^le to prevent any disntpilons 
to nemoiy performance or situations where access cannot be performed normally 
due to Ltconrect settings in the aeceis timing, making It possible to fully exploit 
the capabilities of the memoiy, and thus possible to obtain the effect of increased 
reliability; in addition, it Is ite longer necessory to have a manual intervcndoo in 
Older to set the oocesa dnuBg using jun^a lines as it has been conventionally, 
thus maldflig It possible to reduce operating test expenses and reduce labor 
expenaca, and snaking it possible to provide data processing equipment less 
expensively. 

4. Simple Explanau'on of Figures 

"■^'^**^' • - i. . ^- memory aaxts timing in the Exaxnple of Embodiment of this inventioo. 

Figure Ills a timing diagram showing the relatioiuihip between the settings and the 
access liming in this Example of Embodiment. 

Figure 3 isa flow chanused for explaining the operation of the Example of 
Embodunent, 

Figure 4 b a timing chart for explaining a conventional example and explaining 
the oponidoQS for writing to the RAM in the Example of Embodiment thereof. 
Figure 5 is a timing chart for explaining the conventional example and for 
explaining the operations for reading from the RAM in an example thereof 
Figure •$ is a block diagram of the logic circuits that use the conventional method 
of seniiig the memory access timing. 
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1: RA.M fmcmury) 
2: Addrcu oiulUplexer 
6: Memory conwol ring 
7: BAS flipllop 
8: CAS flipllop 
9: COLSnipflop 
10: ANDgoUi 
11.12.1): OR gates 
14.15. 16: NOR gates 
21: RAS register 
22: COLSrejlsitr 
23; CAS regbier 
24: CPLT reiiisier 
2S.26.27.28:S:lcx:taT5 

RepreMiitaxive: Mano OiwB» and ivro oihen 

Figure 1 

[L I J Memory access mode signal 
[L2] Fundomrmal clock 
\ S] Memory coniiol Hug 
121] Reglsier 
|25| Selector • 
(22) Register 
[26] Selector 
123] Regincr 

(27) Selector 
(24) Register 

(28) Selector 

rL4] Memory access complete signal 
(Under Ul fiASngnal 
(^AS signal 
(2) Addresi inultiplexcr 
[Above 10] COLSslBBBl 
(L3)^-^Wrice mwie*ii8nal:„?_i;rv. -ryi: 
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Figura 3 

51 Start 

52 Set pointer * PRAM t 

$> Load the iaTonnatlon indicated by the pointer into the R.'VS regitier 

$4' Pointer ** pointei ^1 

55 Load EhftinfoitnatioA iodicBied by the pointer into the COLS fegister 

56 Pointer pointer ^1 

57 Load the infonaatian indicated by the potnier into the CAS register 

58 Poinier'" pointer^ I 

59 Load tht! liifonnation.indieated by the poimer into the CPLT register 
SIO Pointer » pointer "t- 1 

SI I Write text data to the RAM 

S12 Read teiri data Add the RAM 
• SI) . Compare the lead data to the write data 

St4 U there I pointer error? 

515 Error reipoit 

516 Scqingseomplele 

Fiituro4 

Fundamental dock 

Memoty access inode signal 

Write mode sigaat 

TO 

Tl 

Tk 

Tc 

Tm . 

Tn (Memory access complete signal) 
RAS signal 
COLS signal 
CAS signal 

WE signal ^-.^ , . z:^- -.-^-cs. • — - — ^^'^ --^^ , - .r-ir-*s5v-5* 

Figure 3 

Fundamemal clock 

Memory access mode signal 

Write mode dena] 

TO • 

T] 

Tic 

Tc 

Tm. 

Tn (Memory access complete signal) 
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RAS signtl 
COLS ttgnal 
CAS Si^l 
WE signal 



Ftguic 6 

[LI] Memory access mode I'lgnai 

fL2] Fundftfflcntal clock 

[€\ Memofy conirol ring 

[L4) Memof> uccs* conplete tignal 

lUnderL4] RAS signal 

CAS signal 

WE signal 
[2] Address multiplexer 
[Above to] COLS signal 
(L3] Write mode signal 
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Attachment for PTO-948 (Rev. 03/01, or earlier) 
6/18/01 

The below text replaces the pre-printed text under the heading, 
^'Information on How to Effect Drawing Changes/' on the back 
of the PTO-948 (Rev. 03/01, or earlier) form. 

INFORMATION ON HOW TO EFFECT DRAWING CHANGES 



1. Correction of Informalities - 37 CFR 1^ 

New corrected drawings must be filed with the changes incorporated therein. 
Identifying indicia, if provided, should include the title ofthe invention, 
inventor^s name» and application number, or docket number (if any) if an 
application number has not been assigned to the application. If this information is 
provided, it must be placed on the front of each sheet and centered within the top 
margin. If corrected drawings are required in a Notice of Allowability (PTOL- 
37), the new <lrawings MUST be filed within the THREE MONTH shortened 
Statutory pcri«Dd set for reply in the Notice of Allowability. Extensions of time 
may NOT be obtained under the provisions of 37 CFR 1 .136(a) or (b) for filing 
the corrected drawings after the mailing of a Notice of Allowability. The 
drawings should be filed as a separate paper with a transmittal letter addressed to 
the Official C^raftsperson. 

2. Corrections other than Informalities Noted by Draftsperson on form PTC- 

All changes to the drawings, other than infonnalities noted by the Draftsperson, 
MUST be mode in the same manner as above except that, nornially, a highlighted 
(preferably red ink) sketch ofthe changes to be incorporated into the new 
drawings MUST be approved by the examiner before the application will be 
allowed. No changes will be permitted to be made, other than correction of 
informalities, unless the examiner has approved the proposed changes. 

Timing of Corrections 

Applicant Is required to submit the drawing corrections within the 
time period set in the attached QfTice communication. See 37 CFR 
L85(a). 

Failure to take corrective action within the set period \v\i\ result in 
ABANDONMENT ofthe application. 
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TK THg XntXTBD STATES PATE^r^ AND TRADEMM« Iff^fC^yf^^ 



(Case No. RA043D2C3C2) 

Application of: 

FARMWA]:«D ET 
Seri&l Mot Continuation o£ 09/492.982 
Piled r Herewith 

Titles MEMORY DEVICE HAVING A VARIABLE 
DATA OITTPUT LENGTH (As Amended) 



ncn: 




Assistant Commisisioner for Patents 
Washington, DC 20231 

JUBOUEST TO APPROVE 0RAWZN8 CHANGES 

Dear Sir: 

Attached hereto is new Figure 16. Figure 16 illustrates the 
internal register!? which reside In each device illustrated in Figure 2. 
This embodiment in described in the specification at page 14, lines 3- 
21 and page 53 lines 4-21. No new matter has been added. 

Applicants seek to amend Figure 10 to more fully reflect the 
discussion in the specification, specifically, page 55, line 12-16 and 
page, 58,:zline3 iS-ZSv^^-Alsp^axuached^.^^^^TO s. phot.oc6iiy^f''rigiirQ^i& ^ith^ 
the proposed changes indicated in red. No new matter has been added. 

Applicants respectfully request. that the proposed new Figure 16 
be approved by Che Examiner. Applicants also respectfully request 
approval of the proposed changes to Figure 10. Anew Figure 10 which 
incorporates the changes is also attached hereto. 

Respeptfully submitted, . 



Date: 



2001 




9inberg 
Reg. No. 34.735 
650-947-5325 
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IN THE UNITED STATES PATENT AND TRADEMARK dFFXa'' 
(Case No. P043D2C3C) 

Applieatlon of: 



FARMWALD et al . . 

Serial Mo: 09/492,982 

Filed: JANUARY 21, 2000 

Title: METHOD OT OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT LENGTH 



Group 

Art Unit: 2B18 



Before 
Examiner: 



T. Nguyen 



Assistant Coaunlssloner for Patents 
Washington, DC 20231 



ZNFORMATZOK 0Z8CL060RS STATEKBNT 



Dear Sir: 

Iri coinpliance v?ith the duty of disclosure set forth in 37 C.F.R. 
SI . 56, submitted herewith is a inodif led Form PTO'1449, including a copy 
of all of the dociiments listed therein. 

The documents listed in the PTO-1449 have been recently identified 
in a Notice of Opposition filed against European Patent EP 1 004 956 
.(He reinaf ter the ^OPPOSITION' ) . EP 1.004 956 containsj^cl^im3jsi.hat*,ar^^ 
similar' to claims, in U.S. Patent 6 « 034; 918 « the parent of the instant 
application. A copy of the OPPOSITION is also submitted herewith. 

It is respectfully requested that the Examiner make his 
consideration of these references formally of record with the next 
Action. 

Respectfully submitted, 



Date: January 29, 2001 




Neil A. Steinberg 
Reg. V.o. 34,725 
650-947-5325 
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IN IHE UNtTBD STATES PATENT AND TRADEMARK OFFICE 
(Case No. RA043D2C3C) 



0. :p 



In the Application of: ) 






FARMWALDetal. ) 
Seriai No: 09/492.982 ) 


Group 

Art Unit: 2818 




Filed: JANUARY 27, 2000 ) 

Title: METHOD OF OPERATING A MEMORY ) 
DEVICE HAVING A VARIABLE DATA ) 
INPUT LENGTH ) 


Before 

Examiner T. Nguyen 





Assistant Commissioner for Patents 
Washington. DC 20231 



Certificate of Mailing Under 37 CFR 1 .8 . 
I hereby certify that the attached 1) Information Disclosure Statement (2 - 
pages) ; gng 2) A Copty of a Petition under 37 CFR 1.313(b) (5) for Withdrawal Rgm 
Issue So That Infonnation Can Be Considered in an Information Disdosure Stater%nt 
(2 pages) is/are being deposited with the United States Postal Sendee with sufficient 
postage as first dass U.S. man In an envelope addressed to: 

Washington, D.C. 20231 

On Januar^.^2001. 



•^0 

m 
o 

vry 

I 



(Signature) 
Michiko Sites 



(Print Name off Person Signing Certificate) 



863 FH PG0507 




UNTTgD STygreg; Bstckt and ^Hiapemark Ofwce _ 



UfxrrcD aTATEs octastmikt or oommbacs 

U.ttW VtMM ••4 T»»4M*rk O0W 



AITUCAIIONNO. 



FR5T NAMED mVEKTOH 



I ATTOKNIYDOCXETNa | COKTUMAHON HO. 



Midiacl FtnnwaU 



P043D2OC 



Neil A Steinbog Esq 
KBmbtts Inc 
4440 £t Caroino Real 
Los Altos. CA 94022 



NGUYEN, TAN 



ART UNIT 



ait 

DATE MAILED: 11/210001 



Please find below and/or attached an OfTice communication concerning this application or proceeding. 



ITO^ (Rev.07'01) 
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TWs b a aummu i fcatio w from tf>a gaairtnuf fc> du»g» of ihb apptetion. 
COMMISSIONER OF PATENTS AND mU>EMARK& 

NOTICE OF mLoWABIUTY 

An claims being aDownbla. PROSECUHON ON THE MERTTE REMAINS} CLOSED In ttite appDcaOoa If not mduded herewith (or 
prevtousJy maSed). a_Notk:o of AOowence and Issue Fee Due or other appropriate communfcatton wQ be rnaDed In due ecuvai THIS 
NOTICE OF ALLOWABIUTY IS NOT A QFAKT OF PATENT RIQKT5. TMs appnealion b subject to wflhdrBwal frem bsua ttHia 
Inlttatlve of the Olfloe or upon petMon by itw^Bppltc^ 

tfTHscommuntadtontanBtfKmslvDto ^^^ ^ ^ pifA tT^ oH^^l^f - 

^TTw allowed datmfs) b/Bie. 

l£J- The diowtnBS fOed on . ^ JllJjLkUl ameooeptableaefofmaldrBwtnBa. 

D AclnowledgaTnem Is made of a dalm for fbralgnprtorl^ 

□ aO 080010* □ None of the; 

□ Ctftmad ooptee of tf» prtortty doamwnte have been receNed. 
Q Certified ooples of the prioffty dosumants have been laceNed hi ApplicaUon No. 



•'ilk 



.1 



Q Copies of the certified ooples of the pdodiy docwnents have been received in this national ataoe appUcatlon from the 
Intematlonai Bunsau (PCT Ride 17^(a^ 

"Certified eoplee not teoefved: \ . 

D AcltfiofwIedBemsm brnade of a Glalrnfkv domestic priority iflider 35 IJM.§ 119^ 

Applicant has THREE MONTHS FROM THE "MAILING DATE* of t)ti communication to fOe a reply comptytng wfth requlremefils noted • 
belowb Failure to ibnely comply wDresim In ABANDONMBn' of tiibappBeatlon.THI8THRS-MONTH PERIOD IS NOT EXTENDAttS"^^ 
FOR SUBMrTTTNO NEW FORMAL DRAWINOS. OR A SUBSTmiTE OATH OR DBCLARAnON. TWs t hi ee- moirt h period for cowpjyhiB ' 
wfth the REQUIRBMENT FOR THE DB>OSir OF BIOLOOtCAL MATERIAL b oxtendaMe under 37 CFR 1.138(a). 

□ Klole (he attached EXAMINERS AMENDMENT or NOTICE OF INFORMAL APPLJCAtlON^PT^ 
the oath or deeiBralton b doHdant A StJBSTTTinE OATH OR DECLARATION IS REQL^ 

□ Appncam MUST 8umi NEW FORItflALDRAWINQS 
P because ttM ortotnally fOed Jiu wi itgr yerg <:t9c!=nd by cpp&cans to be InfennaL 'z: - ' t ' " ' • ,~J^vs-'' 

□ Indudlng changes loqulied by the Notice of Oraflperson^ Patent Drawing Revfew; FTO-B46, attached tmto or to f 
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bytheexamlnei: 
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Application/Control Number 09/492.982 Page 2 

Art Unit: 2818 

1 . The Information Disclosure Statement submitted by Applicants on February 2, 
2001 has been received and fully considered. 

2. The Formal Drawings submitted by Applicant on July 30, 2001 has been 
received. 

j 3: Authorization for this examiner's amendment was given in a telephone interview 
i with Mr. Neil Steinberg on November 9. 2001. 

4. An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

. In claim 151 . line 6. before th e words "wherein the first block size', the vtfords - 

* wherein the memory device is capable of processing the first block size infonnation,— 



Vhave been inserted. 

]_ In claim 161 , line 5, before the words "wherein the first block size the, wcfrds - 



IE 



wherein the memory device is capable of processing the first block size information.- 



' have been inserted, 
t 



* In claim 171 . line 5. before the words "wherein the*, the words >Wierein the 



^ y memory device is cap able of processing the first block size infomiation'^ ave been 
•Trtserted. 

\ 5. Any inquiry concerning this communication or earlier comrnuntcations frorn the 
examiner should be directed to Tan T. Nguyen whose telephone number is (703) 308- 



\ 
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Appiication/Controt Number 09/492,982 Page 3 

Art Unit: 281B 

1 298. The examiner can normally be reached on Monday to Friday from 08:00 AM to 
04:00 PM. 

If attempts to reacti the examiner by telephone are unsuccessful, the examiner's 
supen^sor, David C. Nelms, can be reached on (703) 30&4910. The fax phone number 
for the organiratlon wliere this application or proceeding is assigned is (703) 308-7724. 

Any inquiry of a general nature or rotating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 

Tan T. Nguyen 
Primary Examiner 

Art Unit 2818 
November 09. 2001 
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IH THE 0HITED STAT^fr/f^^QTT AND TRADEMARK OFFXCS 
(Case No. P0^J3D2C3C) 



In the Application of: 
FARMWALD «t al. 
Serial Ko: 09/492,962 
Filed: JANUARY 21, 2000 
Title 



METHOD OiT OPERATING A MEMORY 
DEVICE HAVING A VARIABLE DATA 
INPUT LENGTH 



Assistant Commissioner for Patents 
Washington, DC 20231 

Attn. : Official Oraftsporson 



Group 

Art Unit: 2818 
Before 

Exaxniner: T. Nguyen 



I hereby ccniry 6ti Ihb cenB^osdence (t Mai 
dcpctthcd with fte UoltEd StMei rual I Sovioi 



(Name ef hnaft Miilbt ( 



TRANSnZTTAL OF FORISAX. DRANZNGS 

Dear Sir: 

Enclosed herewith is one (1) set of fourteen U4) sheets of formal 
drawings for filing in the above- referenced patent application. The 
changes required liy Applicants' proposed drawing corrections have been 
approved by the Ilxaminer and incorporated into the attached formal 
arawings^---*-In.addi tionr irhe^ciianuss-rGc^^ as a result of the NOTICE 
OF DRAFTSPERSON'S; PATENT DRAWING REVIEW (Hereinafter -^NOTICE' ) dated 
July 13. 2001 have been Incorporated. A copy of the NOTICE is enclosed 
herewith. 

Applicants respectfully recjuest that the enclosed drawings be 
accepted as forroil drawings in the above-referenced application. 



Date: 



Respectfully submitted, 

Neil A. Steinberg 
Reg. No. 34.735 
650-947-5325 
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r Miiaii torn P1068U7) 



(B) nssKiCEi (Errr 4 STAiE on eouMTRV), 



(910096 AW CrmA OOfY OF TM9 FOmO 



TitdemMkOQM. 



her«wPUM«id 



. . b>iai]iitifrtPttlo»0^heur»iBeDWfit^ T>mwe*miy 

dBptfitfnQonftoMOdlof tfwktfvMtislcttft. AnyujusJUBtf onBn vmfdef flnsfSQutrtd 
o oonplio ttib tora tfwM to icnl to OiJiif btfoRnifion ORkjii, Pitsrt ind TisdMMA 
OnoBi WfeMriStDTV DA flOai . 00 NOT 6De> FEES OR OOUPIETEO FORMS TO THIS 
ADOneSS. eENDFEEBlM0T)«aPtmMTO:tatBtu»rM.ibilMOwniMBm 
PiM.WtaMr«te»0£. 20991 

Iftidiv 0)9 RQHfiMBffc RcdyoBon Act 1068^ nD pMMn M nQtfMd to mpontf Id 9 floOitftan 
«t Monnim iiM ft dbpl^ft ■ nSd CMD conM nuRAtr. 



TFWeUIT THIS nm WITH FEE 
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oiriT/toes 19:11 m Md »4t eon kaxbds 



SB SBB UNi>Ul> BTMZS PASXBX AID SBMSBICMVC OITXCB 
(CaBtt No. IM4SD2C3C) 

Xa th« AppUfiabloB o£: 



Serial Bo: 09/4.92, 982 



Filodt JimUABY 27, 2000 

TltlA: MBTBOD OF OPERXTZNG A 
MZKORY m:VICE IUIVIK6 A 
VARXABLS IVITA XNTOT lEMGTB 



Group Art Ubit: 2818 



• • ^ pDC COPY RECEIVED 
= . . JAN I 7 2002 

pttien BcwKM i» A-x-x-ut»jyAgp cafcir^^^^M tmiaa a? eta 3,7a<bv 
Sir: 

Tba ux»dei:Bigned« being onpowerod to oign thle Pomr o£ 
Attocney, Reviieatioa of All Srwvious Povere of Attoraay ond 
Certificate taoder 37 CPR 3.73(b) on behalf of Rat^bUB Zac. . the 
aaeigsee of t>ie ontire rioht, title end interest is the above- 
refereaced applicatioa, hereby revokoB all prior pcwars of attamay 
and hnrebgr apimlnta Paul M . ' Andoreon Reg. Hp. 39*89$; Paula J. 
*v -s-—-*--.-' . - ^ ^ .... - -•-'^Logettatar'Ueo-Bu*^' 40i<S9i'«n MoalW, p-S0»X927 iiointly and 

80V«rally« vith full power of substitution and revocation to 
prosecute tbis application and to transact alX business before the 
united States Patent and TradsDark Office in the above-ref ercsoaed 
aipplieatiOQ. 

Raiitoua Znc. certifies that it ia the assignee of the entire 
right, title and interest in the abovB-refereneed patent 
application bar virtue of an aseiganent fron tho Inyentore,. Michael 
PaxBBfBld, and MaxX Boroirits. The asaignHat o£ the prior parent 

1 . .... 
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oint/mt u:ii Pii «■« in soei mibds ^eoa 

application. (AppllcBtlon aerial Ho. 07/510,6961 aa all eoatlnulao 
and diviaional QpplieatifmB ^iltiibC to Ronfaus Z&e. vafl filed on 
April 18, 19S10 <«nd racort!sd ia Patent and Tradanat)c Otfica 

All tba daeonante la tho dhalA of title of the above- 
raf ereaeed Bpplieatioa have beta relieved ead, to the best of the 
underaigned'B knowledge and belief « title ia ia Bamboa Xnc., the 
Bflaigaaa id«>it:Lfied above. . 

Please dixeet all eerreapondeBCe in ,the . abowe-ref areneed 
patsfit applicatlCB to: 

JOB. o. Hni. fAX-COPY RECEIVED 

JAM 172082 

Los Alt08« California 94032 TGCHNOLiOGYCBimi28GO 
Vel^phona: fi50-9«7-5336 
Facaiiailei 650-947-5001 

I hereby deelaxe that all stateneats made hereia of ncf o«a 
knowladoe are tme oad tha^ all atatCMnts nade on lafozanation wid 
believed to bd truer and further that these staternents were made 

with the knowledoe.. that will fttl,CalDB jtt^tccBflnts^sr^ ?.lSc,»-so"c-'-^ ... . .» ^,t^'^-^:.,i;^,r^hst:'^ 
aeXe are punisihabla by f laa or ixqpxiaoaancBitf or botb« vooAkc Sooticm 
1001 of Title IB of the n&ited States Code, and that such viUful 
false statOBSAts ny jeopardise the vajiidt^/^ ^fr.^licatian« 
ary patent israing thereon. 

T.^n. iwz. 

jobn ^nfiBforth^ Esq. 
Senior Vice Preeideat 
General Counaal 
BaxibuB Zne* 
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Michael Ftrmwild 
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CONRRMATION NO. 1622 



*OC00O(n0OO7O7D1i4* 



Title: Method ol operating a memory device having a variable data input length 

Date MaOed: 11/1 4/20b1 



NOTICE OP PUBLICATION FEE DUE 

Tne above-ldenuned application was filed (IrKluding as a Continued Prosecution Application) on or after 
November 29. 2000 and a non-puoRcatlon request In compliance with 37 CFR 1 2^ 3 was not Included >Mth the 
application on nung. Since the application has been allowed, a publication fee is due. 

The fee due is $300.00. No small entily discount Is available. See 37 CFR 1 .18(d). 

The reply to this notice shouid be mailed to: 
BOX ISSUE FEE 
Commissioner for Patents 

Washington D.C; 20231. . 

. • • • . . i' ' 

The publication fee musl be submitted within THREE MONTHS from the mailing date of this notice or the 
appHcaHon may be regarded as abandoned. No extensions of time under 37 CFR 1.136(a) or (b) are available. A ; 
repiy must be filed to this notice, oven If applicant does not anticipate that the application will be published (e.g.. ! 
because the patent has Issued and the projected pubilcatlqn date is more than a month after the issue date of the 
patent). A oroperreply to this notice in such a eltuatlon would be a.5teli»mant that no fee Is now due, clHng 37 
CFR 1 .2Ti(e).1lf pulijl5auon of mo ajspticatioiS does nut'oocur. any publlcatldii'feft pald will be refunded. If 
applicant requests a refund. See 37 CFR 1 .21 1(e). 

Questions relating to this Notice should be directed to the Office of Patent Publication at 

(703)305-8283. 



A copy of this notice gbfiuU be returned with any reply. 
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XTNITED STATES PATENT AND TRADEMARK OFFICE 
In the Application o€: 

FARMWALD ZT AL. 
Serial No.: 09/492,982 . . , 

Filed: January 27, 2000 ^'-^''^'^ 




Title: METHOD OF OPERATING A HENDRY 
DEVICE HAVING A VARIABIiB DATA 
INPUT liENGTH 



Patent No. : 6,452,863 



Oertiftcate 

NOV 2 6 2002 



CoinmisBioner for Patents 
Washington, DC 20231 

B^Qvz^r yx>R gE|iy?;y;ip^yB py cg^cy;r9if undei^ 37 CFfi n^^^^ 

Dear Sir: 

It is respectfully requested that the ConimisBioner issue the 
attached Certificate of Correction to correct errors in U.S. Patent 
6.452.863 B2 ("the '863 patent", copy attached). In particular, 
the attached Certificate of Correction seeks to correct errors in ' 
col. 26 of the *863 patent, namely, in claim 20 (line 7), claim 29 
(line 43), and claim 34 (line 61). _ ^ 

In the '863 patent, claim 20 (in col. 26, line 7.) should 
include — 14 — substituted for *11", since claim 20 should depend 
from claim 14 and not claim 11. lOie Preliminary Amendment of April 
26, 2001, copy attached, clearly indicates claim 167 (renumbered as 
claim 20 in the '863 patent) being dependent from claim 161, which 
was renumbered as claim 14 in the *863 patent. 

In addition, an extraneous comma appears iii the first line of 
claim 34 (col. 26). The Preliminary Amendment of April 26, 2001, 
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clearly shows that: claim 177, renumbered as claim 34 in the 'B63 

patent I includes no such comma. 

Finally, the words ^wherein the* are missing from the sixth 

line of claim 29 (col. 26). In the Supplemental Notice of 

AllowfiJoility mailed November 23, 2001, copy attached, an Examiner's 

amendment was authorized for claim 171, (renumbered as claim 29 in 

the *863 patent) which clearly indicates the words ^wherein the' 

preceding the word **memory device", i.e., see page 2, item 4: 

In claim 171, line 5, before the words "wherein the", the 
words — wherein the memory device is capable of 
processing the first block size information — have been 
inserted, (emphasis added) 

There were no subsequent amendments of the above-referenced 
application which affected the above-mentioned claims. Therefore, 
as is clearly disclosed by the records in the U.S. Patent and 
Trademark Office ("USPTO"), the errors mentioned herein incurred 
through the- actions of the USPTO. 

It is respectfully requested that the attached Certificate of 

Correction be issued^ It 13 j^ted^- that shpuld_ a telephone^ 

interview expedite consideration of this request in any way, kindly 
contact the undersigned at 650-947-5336. 

Respectfully submitted. 




Date. KIos/IS IXrol^ /7/ 

Jose G. Moniz 
Agent of Record 
Reg. No. 50,192 
650-947-5336 

Rambus Inc . 

4 440 El Camino Real . 

Los Altos, CA 94022 
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Undsr P£«wrwaV Redudkv> All of 1 995. no 
(Abo form PTO-IQSO) 



pTo/sB/44 nives) 

Approved for use thnniDH 6/30/99. OMB0851<0033 
Patoni end Tiadammfc Oflia: U.S. DEPARTMENT OF COMMERCE 

CTB roQLjrBd tD respcnd to q cstedjon of trfefmstion irdsss & ifisptays a vaSd 0MB oortroi ruiiibn. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATEKTTNO : 6.^52,863 82 

DATED : Sept 17. 2002 

INfVENTOR(S): Fa.-nwvaldetal. 

U Is certlfled that error appears in the above-ldenltned patent and that said Letters Patent 
are hereby correcteil as shown below. 

^ col. 26.^ line 7, delete Ml" and substitute -14-. 

^ col. 26. ^ line 43. Insert -wherein the- before "memory device'. 

g col. 26. 01 line 61 . delete appearing between 'delay* and Ihne*. 



MAILtNC ADDRESS OF SENDER: 



Rambus Inc. 

.4440 El Camino Real 

Los Altos. CA. 94C22 



PATEWT NO. 6.452,863 B2 

NOLOfl 



Bunten Hour Statement This toimbfsbnatod to ttks 1.0 hour to complete. Time iMP very depenfira upon (he needi 
convnenta on the amounl of (hna vou ire mguM tooomdele Ihb toon should be sent to the Chief IniownaSon Officer, 
Oa»^^i!^ta^^2Q22\. OOMOTSlSbFEESmCOMPLETEOFORM^ SEND TO: i 

Patenis, WeshinQton. DC 20231. 
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IN THE UNITED STATES PATENT AMD TRADEMARK OFFICE 
(Case No. F043D2C3C) 



.In tj^^l^lication of : . 






FARMWALD et al. 








) Group 




Serial No: 09/492,982 


) Art Unit: 


2818 


Filed: JANUARY 27, 2000 


) Before 






) Examiner : 


T. Nguyen 


Title: METHOD OF OPERATING A MEMORY 






DEVICE HAVING A VARIABLE DATA 






INPUT LENGTH 







Assistant Commissioner for Patents 
Washington, DC 20231 

AMENDMENT 

Dear Sir: 

Kindly amend the application as follows: 



IN Tpg CXAIHS: 

Please substitute the following claims for the pending claims 
having the same claim number: 

(A markod^jp v&4:sion ' showing'^insections and deletions' to the 
pending claims is attached as EXHIBIT A) 
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1 151. (Amended) A method of controlling a memory device by a 

2 memory controllerr wherein the memory device includes a plurality of 

3 memory cells, the method of controlling the memory device 

4 comprises: 

5 providing first block size information to' the memory device, 

6 wherein the first block size information is provided by the memory 

7 controller and is representative of a first amount of data to be input 

8 by the memory device; and 

9 issuing a first operation code to the memory device, wherein in 

10 response to the first operation code, the memory device inputs the 

11 first amount of data. 

1 152 . The method of claim 151 wherein the memory device inputs the 

2 first amount of data synchronously with respect to an external clock 

3 signal. 

1 153. (Amended) The method of claim 151 further including: 

2 providing second block size information to the memory device, 

3 wherein the second block size information defines a second amount of 

4 data to be input by the memory device; and 

5- issuing a second operation code to the memory device, wherein in 

6 response to the second operation code, the memory device inputs the 

•-^ *'~'7'^*' 3econd'"amouiTt-'tfif "data; - " ^ 

1 154. (Amended) The method of claim 151 wherein the first block 

2 size information and the first operation code are included in a request 

3 packet . 

1 155. (Amended) The method of claim 154 wherein the first block 

2 size information and the first operation code are included in the same 

3 request packet. 
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156. (Amended;* The method of claim 151 further including providing 
the first amount of data to the memory device. 



1 157. (Amended) The method of claim 156 wherein the first amount 

2 of data is provided to the memory device after a delay time transpires . 

1 158. (Amended.) The method of claim 157 wherein the delay time is 

2 representative of a' number of clock cycles of an external clock signal. 

1 159. (Amended) The method of claim 151 wherein the first block 

2 size information is a binary representation of the first amount of 

3 data. 

1 160. (Amended) The method of claim 151 wherein the first amount 

2 of data is output^ by the memory controller, synchronously with respect 

3 to an external clock signal and during a plurality of clock cycles of 

4 the external clock signal. 

1 161. (Amended) A method of operation in a synchronous memory 

2 device/ wherein the memory device includes a plurality of memory cells, . t 
. 3 the method of operation of the memory device comprises: 

4 receiving firist block size information .from a memory controller, 

^__-5-^-- inhere in .the first block size information representc-a-iTii sU auiburitrei- 

6 data to be input by the memory device in response to an operation code; 

7 receiving the. operation code, from the memory controller, 

8 synchronously with respect to an external clock signal; and 

9 inputting the first amount of data in response to the operation 
10 code. 

I 162 . (Amended) The method of claim i61 wherein inputting the first 

Z amount of data includes receiving the first amount of data 

3 synchronously with respect to the external clock signal. 
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163. (Amended) The method of claim 162 wherein the first amount 
of data is sampled over a plurality of clock cycles of the external 
clock signal. 



1 164. (Amended) The method of claim 161 wherein the first block 

2 size information and the operation code are included in a request 

3 packet. 

1 165. (Amended) The method of claim 164 wherein the first block 

2 size information and the operation code are included in the same 

3 request packet. 

1 166. (Amended) The method of claim 161 wherein the first block 

2 size information is a binary representation of the first amount of data 

3 to be input in response to the operation code. 

1 167. (Amended) The method of claim 161 wherein the first amount 

2 of data is output, by the memory controller, synchronously during a 

3 plurality of clock cycles of the external clock signal. 

1 168. (Amended) The method of claim 161 further including 

2 generating an internal clock signal, using a delay locked loop and the 

i;3— ^ J.. .external^^i^5lja?*-k s icina 1 -wherp in the- ^.f i-rs t v-arMouri t^io f-- data-~-is- -input • 

4 synchronously with respect to the internal clock signal. 

1 169. (Amended) The method , of claim 161 further including 

2 generating first and second internal clock signals using clock 

3 generation circuitry and the external clock signal, wherein the first 

4 amount of data. is input synchronously with respect to the first and 

5 second internal clock signals. 
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1 170. The method of claim 169 wherein the first and second internal 

2 clock signals are generated by a delay lock loop. 

1 171. (Amended) A method of operation of an integrated circuit, 

2 wherein the integrated circuit includes a dynamic random access memory 

3 array having a plurality of memory cells, the method of operation 

4 comprises : 

5 receiving blork size information from a controller^ wherein the 

6 block size information represents an amount of data to be input in 

7 . response to an operation code; 

8 receiving th€: operation code from the controller; and 

9 inputting the amount of data in response to the operation 
10 code. ' • 

1 172. (Amended) The method of claim 171 further including storing 

2 the amount of dat£ in the memory array. 

1 173. (Amended) The method of claim 171 wherein the block size 

2 information and the operation code are included in a request . 

3 packet. . 

,,r.^i-. :i.;se--»v'^^^sr<«^-: J .-^ .^^1^4 ; ^J^jnendedl--T!^^ whereinijthe blocks 3ize?--:r-i'?^^'^^^^ - - 

2 information is a binary representation of the amount of data to be 

3 input in response to the operation code. 

1 176. (Amended) The method of claim 171 wherein the amount of data 

2 is input, in response to the operation code, after a delay time 

3 transpires. 

1 177. The method of claim 176 wherein the delay time is 

2 representative of a number of clock cycles of the external clock. 

3 signal. 
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Kindly ADD the following claims: 



1 . 178. (New) The method of claim 151 wherein the first operation 

2 code is issued onto a bus. 

1 179. (New) The method of claim 178 wherein the bus includes a 

2 plurality of signal lines to multiplex control information, address 

3 information and data. 

1 180. (New) The method of claim 151 further including providing 

2 address information to the memory device. 

1 181. (New) The. method of claim 161 wherein the operation code, the 

2 first block size information and address information are included in a 

3 packet. 

1 182. (New) The method of claim 161 further including receiving 

2 address information from the memory controller. 

1 183. (New) Th<2 method of claim 161 wherein the first block size 

2 information, and the operation code are received from an external bus. 



l¥4. (New) The method of claim 183 wherein the first block size 

2 information, and the operation code are received from the same external 

3 bus. 



1 185. (New) The method of claim 184 wherein the external bus is 

2 used to multiplex. address information, control information and 

3 data. . 

1 186. (New) The method of claim 171 further including receiving 

2 address information from the controller. 
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REMARKS 

This Preliminary Amendment seeks to place this application in 
condition for allowance. New claims 178-186 have been added to more . 
fully claim Applicant's invention. Several of the pending claims have 
been amended. No new matter has been added. In this regard, support 
may be found, for example, at page 22, line 11, to page 24, line 2, and 
page 27, lines 1-24 of the specification. 

INFORMATION DISCLOSURE STATEMENT 

In compliance with the duty of disclosure set forth in 37 C.F.R. . 
§1.56, Applicants' ; submit concurrently herewith an Information 
Disclosure Statement (IDS) including modified Form PTO-144 9. A^QByof 
that IDS and modified Form PTO-14 49 are attached hereto. 

Some of the documents listed in the PTO-1449 have been cited by 
a defendant in an action pending in U.S. District Court For Eastern 

District of Virginia case, namely in Rambus Inc. v. Infineon 

Technologies A.G. , at al . , as prior art against the inventions claimed 
in, among other patents, U.S. 6,034, 918. The *918 patent is a parent 
of the instant application. Reference to these documents are listed on . ' 
page 2 of the Defendents' AMENDED PRIOR ART NOTICE PURSUANT TO 35 
U.S.C. §282 (hereinafter ^ PRIOR ART NOTICE' }. . A copy of the PRIOR ART 
'^NOTlCE is included with"the IDS" submiss~ion." - 

Furthermore, the construction or interpretation of a number of 
terms have recently been considered in a Markman opinion issued in the 
above-mentioned litigation. A number of claims pending in the instant 
application incorporate or incorporated some of these terms including, 
for example, the terms *'block size" , *^write request", and *'bus" . The 
term '^write request" has been deleted from the pending claims (as 
amended) . The term ^bus" has been deleted from some of the pending 
claims (as amended) . A discussion of *^block size" may be found on 
pages 41-47 of the Markman opinion, and a discussion of ^bus'' may be 
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found on pages 17-41 of the Markman opinion. By submission of this 
Markman opinion. Applicants make no statement as to the correctness of 
the constructions set forth therein. Indeed, as is apparent from that 
opinion, the court substantially adopted the constructions proposed by 
Infineon, and not that construction proposed by Rambus. A copy of the 
Markman opinion is also included with the IDS submission. 

CONCLDSION 

Applicants request entry of the foregoing amendment- Applicants 
submit that all of the claims present patentable subject matter which 
definitely set forth the novel and unobvious features of Applicants' 
invention. Accordingly, Applicants respectfully request allowance of 
all of the claims. 

It is noted that should a telephone interview expedite the 
prosecution in any way, the Examiner is invited to contact Neil 
Steinberg at 650-947-5325. 

Respectfully submitted. 



Date: ^tnlli^l 



.Neil A._. Steinberg . .. ... j;:^- 

"Reg. NoV"3"4,735 
650-947-5325 
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EXHIBIT A 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

1 151 . ( Amended j A method of controlling a memory device by a memory 

2 controller, wherein the memory device includes a plurality o£ memory 

3 cells, the method of controlling the memory de'vice comprises: 

A providing first block size information to the memory device, 

5 wherein the first block size information is provided by the memory 

6 controller and [defines] is representative of a first amount of data to 

7 be input by the memory device (in response to a write request]; and 

8 issuing a first operation code [write request) to the memory 

9 device, wherein in response to the first operation code> [write 

10 request] the memory device inputs the first amount of data 

11 [corresponding to the first block size information] . 

1 152. The method of claim 151 wherein the memory device inputs the 

2 first amount of data synchronously with respect to an external clock 

3 signal . 

1 153. (Amended) The method of claim 151 further including: 

2 providing second block size information to the memory device, 
' 3 wherein the second block size information defines a second amount of 

4 data to be input by the memory device [in response to a write requ est] ; 

6 issuing a second operation code (write* request] to the memory 

7 device, wherein in response to the second operation code (write 

8 request] , the memory device inputs the second amount of data 

9 [corresponding to the second block size information] . 

1 * 154. (Amended) The method of claim 151 wherein the first block 

2 size information and the first ooeratiop code (write request] are 

3 included in a request packet. 
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1 155. (Amended) The method of claim 154 wherein the first block 

2 size information and the first operation code [write request) are 

3 included in the same request packet. 

1 156. (Amended) The method of claim ISl further including providing 

2 the first amount of data [corresponding to the first block size 

3 information] to the memory device. 

1 157. The method of claim 156 wherein the first amount of data is 

2 provided to the memory device after a delay time transpires. 

1 158. (Amended) The method of claim iSl [156] wherein the delay 

2 time is representative of a number of clock cycles of [a] an external 

3 clock signal. 

1 159. (Amended) The method of claim 151 wherein the first block 

2 size information is a binary representation of the fp.rst amount of data 

3 [to be input in response to the first write request] . 

1 160. (Amended) The method of claim 151 wherein the first amount 

2 of data [corresponding to the first block size information] is outputs 
3_ bv the memQry controller .^J^ijputl synchronously^ 

4 clock cycles of dii [the] external clock signal. 

1 161. (Amended) A method of operation in a synchronous memory 

2 device, wherein the memory device includes a plurality of memory cells, 

3 the method of operation of the memory device comprises: 

4 receiving first block size information from a memory controller, 

5 wherein the first block size information [defines] represents ia first 

6 amount of data to be input by the memory device in response to the 
7. op6;^^^;^9n g9de [a write- request] ; 
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8 . receiving an 9Perati,9n (=ode,c (a first write request) from the 

9 memory controllerj. synchronously with respect to an external clock 

10 signal; and 

11 inputting the first amount of data [corresponding to the first 

12 block size information] in response to the operation code [first write 

13 request] . 

1 162. (Amended) The method of claim 161 wherein inputting the first ^ • 

2 amount of data includes receiving the first amount of data fthe first 

3 amount of data corresponding to the first block size information -is . 

4 sampled] synchronously with respect to the external clock signal. 

1 163. (Amended) The method of claim 161 wherein the firali amour^t^ 

3 ffle m^ffn^?. gJt.9gK gi^qnfl?. (further including: 

4 [receiving second block size information, wherein the second block 

5 size information defines a second amount of c^ata to be input in 

6 response to a write request; 

7 receiving a siecond write request from the bus controller; and f 

8 inputting the second amount of data corresponding to the second 

9 block size information] , in response to the second operation code write 

10 ^6<jy?!?^L; - -'-zr'^^' ^ ^^'srr^' ■ ' . ' - • 1 — ^ ' 

1 164. (Amended) The method of claim 161 wherein the first block 

2 size information and the operation code [first write request] are 

3 included in a reqviest packet - 

1 165. (Amended) The method of claim 164 wherein the first block 

2 size information and the operation code [first write request) are 

3 included in the same request packet. . 
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1 166. (Amended) The method of claim 161 wherein the first block 

2 size information is a binary representation of the first amount of data 

3 to be input in response to the operation code [first write 

4 request) . 

1 . 167. (Amended) The method of claim 161 wherein the first amount 

2 of data (corresponding to the first block size information] is (input) 

3 output, bv the memory controller, synchronously during a plurality of 

4 cloc)c cycles of (an) the external cloc)c signal. 

1 168. (Amended) The method of claim 161 further including 

2 generating an internal cloc)c signal using a delay locked loop and the 

3 [an] external clock signal^ wherein the first amount of data 

4 (corresponding to the first block size information] is input 

5 synchronously with respect to the internal clock signal. 

1 169. (TVmended) The method of claim 161 further including 

2 generating first and second internal clock signals using clock 

3 generation circuitry and [an] the external clock signal^ wherein the 

4 first amount of data (corresponding to the first block size 

5 information] is input synchronously with respect to the. first and 

6 second internal clock signals. 

1 170. The method of claim 169 wherein the first and second internal 

2 clock signals are generated by a delay lock loop. 

1 171. (Amended) A method of operation of an integrated circuit, 

2 wherein the integrated circuit includes a dynamic random access memory 
'3 array having a plurality of memory cells, the method of operation 

4 comprises: 

5 receiving block size information from a controller, wherein the 

6 block size information [defines a first] represents an amount of data 
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7 to be input [from a bus] in response to an operation code [a write 

8 request] ; 

9 receiving the operation code from the controller (a first write 

10 request] ; and 

11 inputting the (first] anu>unt of data [corresponding to the block 

12 size information] in response to the operation code (first write 

13 request] . 

1 172. (Amended) The method of claim 171 further including storing 

2 the [first] amount of data [corresponding to the block size 

3 information] in the memory array, 

1 173. (Amended) The method of claim 171 wherein the block size 

2 information and the operation code [first write request] are ificluded 

3 in a request packet. 

1 174. (Amended) The method of claim 171 wherein the block size 

2 information is a binary representation of the [first] amount of data to 

3 be input in response to the operation code [first write request] . 

1 176. (Amended) The method of claim 171 (161} wherein the [first] 

2 amount of data is input, in response to (receipt of] the operation code 

3 (f irst wrijte request] , after a delay time transpires. 

1 177. The method of claim 176 wherein the 4elay time is 

2 representative of a number of clock cycles of the external clock signal 

3 . (that transpire before the first amount of data is input] . 

1 178. (New) The method of claim 151 wherein the first operation 

2 code is issued onto a bus. 
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2 
3 



179. (New) The method of claim 178 wherein the bus includes a 
plurality of signal lines to multiplex control information, address 
information and data. 



1 180. (New) The method of claim 151 further including providing 

2 address information to the memory device. 

1 181. (New) The method of claim 161 wherein the operation code^. -the 

2 first block size information and address information are included in a 

3 pac)cet. 

1 182. (New) The method of claim 161 further including receiving 

2 address information from the memory controller. 

1 183. (New) The method of claim 161 wherein the first block size 

2 information, and the operation code are received from an external bus . 

1 184. (New) The method of claim 183. wherein the first block size 

2 information, and the operation code are received from the same external 

3 bus. I 

1 185. (New) The method of claim 184 wherein the external bus is 

2 used to multiplex address information^ control information and" 

3 data. 

1 186. (New) The method of claim 171 further including receiving 

2 address information from the controller. 
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Application/Control Number: 09/492.982 Page 2 " 

Art Unit 2818 

1. the Information Disclosure Statement submitted by Applicants on February 2. 
2001 has been received and fully considered. 

* 

2. The Formal Drawings submitted by Applicant on July 30, 2001 has been 

received. 

3. Authorization for this examiner's amendment was given in a telephone interview 
with Mr. Neil Steinberg on November 9, 2001. 

4. An examiner's amendment to the record appears below. Should the changes | . 
and/or additions be unacceptable to applicant, an amendment may be filed as provided ^ 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

In claim 1 51 , line 6, before the words "wherein the first block size', the words - ! jii^ 
wherein the memory device is capable of processing the first block size information.- ; ! i;^: 

have been inserted. . I x ;:: 

. In claim 161 , line 5, before the words "Wherein the first block size the words - 
wherein the memory device is capable of processing the first block size information,- 



have been inserted. 

In claim 171 . line 5, before the words "wherein the*, the words -wherein the 
memory device is capable of processing the first bjock size information-have been 
inserted. 

5. Any inquiry concerning this communication or eariier communications from the 
examiner should be directed to Tan T. Nguyen whose telephone number is (703) 306- 
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Appiication/Control Number 09/492,982 Page'3 
Art Unit: 2818 

1 298. The examiner can normally be reached on Monday to Friday from 08:00 AM to 
04:00 PM. 

}f_attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor. David C. Nelms, can be reached on (703) 308-4910. The fax phone number 
for the organization where this application or proceeding is assigned is (703) 308-7724. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone hurfiber Is (703) 308- 
0956. 



Tan T. Nguyen 
Primary Examiner 

Art Unit 2818 
November 09, 2001 




PT(>-1449(Mo<iiriaI) 

U.S. OEPARTMEffT OF COMMERCE 
VAton AND -mADEMA3lK OFFICE 



IRMATION DISC 



ATTY. DOCKET NO. 

K>43D2C3C 



SERIAL NUMBER ' 
09W B 



APPUCANT(5) 



FARMWALDETAL 



nUNQ DATE 

JANUARY 27. 2000 



GROUP ART UNIT Y ^ 



EXAMINER 
INmALS 


DOCUMfi^,;^. 
NUMBER ' 




NAME 


CLASS 


CLASS 


— 

. FUJNG 
DATE 


7a^7 


4.763^49 


08/09/88 


Bomba et a1 










4,394,753 


07/19/83 


Fcnzel 










4,785,428 


n/15/88 


Bajwa 










4;680.738 


07/14/87 


Tam 









FOREIGN FATENT DOCUMPm 



EXAMINER 
INITIAL 


DOCUMEKt 
NUMBER 


DATE 


COUNTRY 


CLASS 


SUB 
CLASS 





















































OTHER DOCUMENTS flnctDdtoi* Author^ TIQt. D>te. Pcrttwent Pages. Etc) 





DATE CONSIDERED 




EXAMINER: lnU»! citation if reference was conjidered. Drtw through citMioo ifBOt tn et 
Include copy of thu fonn with nai conununication to spplicmt. 


Mifannnce (0 MPEF 609 Hid not eoBstdeied. 



663 FH PG 0554 



NOTICE RE; CERTIFICATES OP CORRECTION 



DATE 



Paper Nn ? 3 6 

TO : Supervisor* Art Unit 

SUBJECT : Certificate of Correction Request in Patent No.: 

A response to the followipg'^utetion iis requested with respect to the accompanying request for a certify 
of coirection. i 

With respect to the change(6) requested, correcting OfHce and/or Applicant's errors, should the 
patent read as shown in the certificate of correction? No new matter should be introduced, *bor should tl 
scope or meaning of the claims be changed. 
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UNITED STATIiS PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATEOT NO. : 6.452.863 B2 Page 1 of 1 

DATED : September 1 7. 2002 

IKVENTOR(S) : Fonnwald et at 

h Is ceiilfled that error appenre in the abovo-fdanttRed patent and that said (jettare Patent (s 
hereby corrected as shown tsetow: 



Line 7, delete "1 1" and substitute - 14 

Line 43. insert - wherein the - before "memory device". 

Line 61 . delete appealing between *Mda/* and *Hime*\ 



Signed and Sealed this 
First Day of April, 2003 




JAMES £. ROGAN 
Dinetor the United States Pateai and Trodemark Office 



863 FH PG 0556 



I 

..! 



PATElir APPUCATION FEE DETERMINATION RECORD 
:Effectivf} December 29, 1999 




CLAIMS AS FILED - PART I 



(Column 2) 



FOR . . 


NUMBER RLED 1 


NUMBER EXTRA 1 


BASIC FEE 


wmmmm 




TOTALCLAIMS 


V ' iTdniis 20s 




tNDEPENpENT'dLAI^4S 


• minus 3 b- 


• 


MULTIPLE DEPENDEKT CLAIM P^tESEhrT 



* )r th^tflfferonce !n column i Is less than ZGro,.9nter In eotumn 2 



CLAIMS AS AMENDED - PART II 

nnS 




-NUMBER 
PREVIOUSLY 

iKEatati:^ paid for 



(Column 3) 



Mlraia 



Minus 



I RRST PRESEMTATION OF MULTIPLE DEPENDEhTT CLAIM 



PRESENT 
EXTRA 



fCotumn 1 ) 



(Column 2) 





SMALL ENTTTY 
TYPE 



RATE 


FEE 


lift 


345.00 


X$9= 




X39»* 




t-130s 









o-mE*rftKRl 

SMALL ENTITY OR SMAU f 



RATE 


ADDI- 
TIONAL 
FEE 




X$9= 




on 






OR 


413Db 




OR 


TOTAL 
ADDTLFEE 




OR^ 



RATE 


ADDI- 
TIONAL 








OR 


X39- 




OR 


•i-130ti 




OR 


- TOTAL 
AODfT.FEE 




OR, 























X78« 









' ADDrr.f 



It ontry In oolufm 1 b l««8 than entry in ogtunin 2, iinltD ir tn 
' It me -Klghest Numbef Previously PbU FoT IN THIS SPACE la Isu than 20; eiu«r '20.* 

Ihe TUflhofi Numbaf Pwg*ou«y Pali FoT IN THIS SPACE b tan Ihan 3. enter -3.* 
The nfloh»8t Wurabef Pf»\tousJy Pea (Tcrtiy Of 



RATE 


ADDI- 
TIONAL 
FEE 




RATE, 


..'AOD^ 


X$9= 




OR 






X39a 




OR 






•t-l30° 




OR 








TOTAL 
ADOrr.FEE 




OB TOTAL 


i1 



FORM P7 0-878 



Htnti end TMonaili OHIm. UlS. OEPAHIMEMr COIlUEl 



863 FH PG 0557 



FOR 


NUMBER FILED [ 


NUMBER EXTRA 


BASIC FEE 




TOTAL CLAIMS 






INDEPENDENT CLAIMS 


minus 3 o 


• n 


MULTIPLE DEPENDENT CLAIM PRESENT 



< 




AEMAININO 

AFTER 
AMENDMENT 




NUMBER 
PREVIOUSLY 


PRCS£NT 
ESTTRA 


X 

o 


Total 




Mi.nm 




m 




tndopendoftt' 


» 






m 




FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 



PATENT APPUCATION FEE DETERMINATION RECORD 
EHective Ddcember 29. 1999 



AppRcatton or Dockel Nurrtber 



CLAIMS AS FILED -PART I 



• U Iho dlfforenco In column 1 1s lesK than zero, enter "(T In column 2 
CLAIMS AS AMENDED - PART II 



ffl 

§ 




CLAIMS 
REMATN^JQ- 

AFTER 
AMENDMENT 




. hUOHEST 
NVIWDSn 

PREVIOUSLY 
PAID FOR 


PRCSHHT 
EXTRA 


Totol. ^ 










Itutep^denl 




Minn 






FIRST PRESENTATION OF MUU1PLE DEPENDENT CUUM 


fCotumn 1 ) 'CColumn 2) (Column 3) 


1 AMENDMENT C 




REMAININO 

AFTER 
AMENOMEffT 




HtOHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 


PRESENT 
EXTRA 


Total 


• 


Minus 




a 


(ndependon! 




MlnuB 






HRST PRESENTATION OF MULTIPLE OEPENDEKT CLAIM 



SMALL ENTITY OTHER THAN 

TYPE CZD OH SMALL ENTITY 



RATE 


FEE 




HATE 


FEE 






»9S^ 


OR 












OR 


XS16« 










OR 












OR 






r 


TOTAL 




OR 


TOTAL 







OTHER THAN 
SMALL ENTTTY OR SMAU ENTITY 



* U tht entry In cotumn 1 1« l«s« than Dw Bn&y oobrnvi 2. wma tr tn cohimn 3. 
** M ih« 'Highosi Numbet Prov4oia)y Palo FoT IN THIS SPACE b ttss Oian 20. snttt *?0." 
-*tf th« 'HI^Ntft Numb«« Pravtomly Paid FoT IN THIS SPACE Is l«n 3. tntBi 
TTw *Hio^>M< Numbar Pr«vteusly PtfM FeT (Total or Indtpondonl) b Iht highokl number 



RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 






OR 


X$18« 








OR 






t>130a 




OR 


♦260» 




TOTAL 
AOOtT.FEE 




-.p TOTAL 














RATE 


ADPI- 
TONAL 
fEE 




RATE 


ADDI- 
TIONAL 






OR 


XSlSe 








OR 






♦130= 




OR 






' TOTAL 
ADDIT.FEE 




OR 


"-Wal 
AODftFEE 




RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 


X$9= 




OR 


X$18° 




XftM 




OR 


xj5i^ 








OR 






TOT/i. 
AODIT.FEE 




jOR 


VOTAL 
AODTT. FEE 





found in fha apptoprtat* bav In cotumn 1. 



P«iM« T«d«m«A oniea. U.S. OEPAmHCKI OF COMMERCE 



863 FH PG 0558 



vox, lOUMI or BOLIMTATS CUU ^ VOL, SC-». HO. 3. APRIL I Ot) 



idDBH roi UDcar faitcgnw4 cbnlu.* JEEff Mf-fiM* CipcuA<« 
««LL&4.Fp. tl^tU. JoM 1969. 

CVwto.«LSC.XXW>.106-mApi.»77. 



Gtnt HI Kin w bom Id Keita ob AufOft 12, 
19S4. H» nadved lha AapM trotn Seoul 
Nttfosal IMnnhy. S«iml. JCom. la t977. tad 
the fcLS. d^ne b dtctiiaJ oisinttnai.lrom 
ttw Korea Advtnccd Initttsw of Sdcsee and 
TochBokKT, SaouL Korea, io 1979. Ha b eur> 
xcnUy wUm imdi tbt 7LD. dtgiw »t 
Oi» ICom A4med InstliirtB of Sdcnce ud 





iattiBted drtuU dedni n 
devte pbytia daoa lhe& B* rotuxded ffai 
l»tcp»ted Oreult Uborttojy « th« Kom^ 
A4nnee4 taititate of Sdcnce lad Ttthsoiao, 
whcxe ha b pttscnUr • Mtnn. BIi euntq 
letsizd) intBia) lnd»dn Inttintcd fa^ccUoi 
lock. dauf»«eoptod dovko sittlot 4|b>1 
cnten. thit»4faiuaiiioaal derto itivctoja, 
; BD rilicos* etc He itti 



Choott Kl Xto was bom bi Seoul, IGona. on Ocxobv 1. 1942. He 
rK«Ki4 tha fi^. dcpM Ctom SmkiI lUdoitt) UBhrsntQr.Srattl. KorcA. 
lA 1965. tad ite M^. aM PIlD. difjees b eltctdeal eatbieefini from 
Colombia XhitmfHy. H«w Yoik, KY. ti 19fi) aad 19T0. respedWdy. 

f foai 1970 to t97< ha wu vtlli Ou Kemtb and Davclopment LabO" 
ntof y. Palrchnd Catnen and ItmnxmcnL loc Filo Alto. CX when ht 
«oit«d OB Cha davelopmaat of liaeatram chui»«ouplcd drdce imic* 
fltniDt* lal975.lMlB/lFalrchQdtol(>lBlltaftcahTDf lhet>cp«nn)eAl 
of Elwoi^ Sdaaee. Kona Adnactd Imtttota of ScScbod and T«d>> 
u an AtMiau Pmfesiox. »d has tau^ 



vtldei tsd ha mrcnl 113. psteou. Babthi 
wthcj cf •Ttyiia of Chnp Cteipi£d Dcvtect.** Cbipts 1 of Oem 
OntpUd Dnitn andSynnit (Now Yoik: WOejr, 1979). 
Df. Kim If ■ lenlor AcmMi of tte Kom lnitltDi* of ElBeifkn 



Gen Hynm Yoo Tccrirad th* dtgnt h 
dccnoDfet bom Scoal Natlowd Uahcniiy. 
SeonL Koita. la 1979. and ih« M J. disKa b 
eltctilal csslfitciint fmn tfaa Koica A^ 
vuKOd IfifUiuu of Sclettc* «&d Tedmoloo, 
SceaL Xoraa. in 1991. 

1b 19B1 h« Jatoed Ccnual RsKucb Labon- 
toiles. Gold Stir Co^ Lftt., ScooL Korea, when 
he wothiKd OB iat^ratcdlbcvIlL . 




A Programmable NMOS DRAM Controller for 
Microcomputer Systems with Dual-Port 

and Correction 

MEL BAIES, Ji\MES NADIK. DAVID PERLMUTTER, BENl MANTEL, and OMER ZAK 



Alntroei^An NMOS DRAM coatfciOcr for uta in iniarooorapatet Qrr 
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L iNTRODUCnON 

THE edvantaget of using dynamic RAM (DRAM) over 
static RAM (SRAM) outweigh the disadvanugo In many 
memory appUcatioiu. The avings provided by DRAM In coa, 
board tpace. tod power usually more thin.ofTtet lu curnbe- 
lome conlio! and refreih requuenients. The k>wet peKo^ 
mance of DRAM in comparison to SRAM, u measured by 
aecen time, U stUl more than adequate for a Urge numbef of 
lyttem tppHcaiiom. 

To beneflt from the fuQ potential of DRAM, a memory J^ 
stgn'erbfien hat to design a reiativety complex controller for 
Interfacing the DRAM to the rest of the lyfiem. The tnafi 
basic function of this controDer b twofold: to translate lysteia 



00IB-9200/63/0400O164S01J00 0 1983 IEEE 



qnenc 



'lot 
krit 
tutic 
*iThe 
to ar 

needs 

plemt 
itioa 
perfo 
toni 
Atru 

4|&e 



883 FH PG 0559 



i 
I 



i 



aAXSS «f •U PROGRAMMABLE HMOS DRAM COHTROLLCR 



Pb. Comtnlon of Drnmde RAM to ouiUtttit RAM bf • Dr> 
nmk RAM cantralter. 



iii 

m 



.i 



• J.I '^--x* 



commands, such u ordlnaiy piADYud'WRrTE*l;lntdtha'k»' 
quence^ of- lignals *^mdentood** by DIUM; iuid-to' plnf<^ 
malnteoance- fuDCtioni» In the fotsn oT ;*Vake-up|*' cycles; oner 
power-up and peiiodfe reOneih «yd» themfUr. 

In the- most gesect) tense; the function oft DR/Moonttot^ 
let b to ghre the-i p pc ai a a oe to thfr iystaa tint tKe memoqr & 
Italic ■ Pig. 1* flhistntas thbooooepC '«* ■ • . 

The DRAM control function, in spite^of fU-esentia] chino* 
t--; and widespread. appUcabfllcy (ereiy DRAM-based 
needs one). paradoxieaDy doeojiot !sad Itself viety tr>U *r bn> 
plemcntation as & general-ptrjposs LSI) function;. TUs siCu- 
attoQ stems from the flniltitoile of system- conflgorations and 
pcrformanoe tequlrements .a controller wonU hxn to be able 
to support in order to cam the desgnation*'{etteni purpose-.*^ 
A truly general pwpose.hlgk-psronnance Integrated controller 
would probably be too costly lo be tttiactive to a monory de- 
signer-if the memory deagotr eotdd. net ose- more tbao & 




sznalt subset of aSt the features provided by tfar contzoEerr htf 
woQld:-6e loathci to pay for all of. them. J A more pnctlcil 
approach to integreting the control function Is to partition tho 
nogfr* of cootiof appUatlons- into/sobranges. and to define 
general purpose higb-perronnanoe-integiated sohttiom for indl^ . 
fldual subranges. 

* TUa paper describes r general* purpose, Mgh^per fornanee la- . 
tegntedcontraOer foe ooeof the sobnnges of cootroOet appU* 
cations: the Advanced Dynamic RAM ControUec (ADC)* bs 

picsrarnmabls DRAM- contrdtter for mexnoiles directly btCci^^ 
fadng to thr iAPX46 [1] and IAFX.286 12] classes or 
microprocessor and to the Multibus system bus [3].. It Ir 
implememed Ur KMOSn [4] , an NMOS technology. A phot»> 
mlcrognph of the chip appears in. Fig. 2. The paper first de> 
icribca some- important controller foncdooa prorldod* by tho* 

iiatciaior . 
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. chip, then dbcuset the imeraal ottitttutlcm of the chip, tad 
fioaDy Urtft levtnl design atttxibtitcs of the chip and prMCOU 
some a<m3 logte and dittiit design techniquet uted'b schfe^ 
IngpexfoiuuRCs goab. 

n. Co>rTRbLUit FUHCnONS 
'3eyond the baik DRAMcentiol functloa4>r- peffonning 
REAJ>% WRiiT*!. mA refreihcs, the ADC abo prorides coih 
,txol .'options cupport of epedeli^ed memory ipplicaUons. 
The t option* ilicMsod below are* duel-port metaoiy,, erfor 
xhecUng and eorreetioiL.'uid pio^-amniable contrdOe^ -sttri* 
bwtee. ' / ' . 

A. DueM^ort Manofy 

Two IndependeAt mleropTOcewnTbut biterftoet,*^r pom, 
wt piovlded.* Each port may be independently prdgremoied 
to be configured to the miwopioceBor/bui ^ conneetedio 
the pert. Tht pregnmmable pon attifbutei are ' 

1) Mlcroproeenororbtatxpe. 

2) Synduonom or asynchronous commiods. 

3) Acknowledge type. 

Attribute I is a function of the nimlng and format of com> 
jnand dgnilt from the paitleulii' mlcroptoccsoi/bui con- 
^neeted to the port. Attxfbuta 3 riaterminet whether or not 
Intenu] eynchfonlzer fUp>Qopf wiO be Inserted in the pith of 
the commaodi In order to eynchroflize the oommandi with the 
chip dock. Attribute 3 deterraims whether the port returns 
an advanced acJuiowledge. i.e.. an a^lcnowkdge arriving a fixed 
time he/ort tht end of the eyde, ot whether It retunu a trans- 
fer acknowledgs, Lt^ aa aclcnowledge arriving at the end of 
theeyde. 

Fig. 3 IDustrates 'schematically a liual-pon memory using the 
ADC. The ADC arbitrates between the two ports in such a 
way that commands are serviced »s' quickly es possible, with 
neither port monopoliung memory, i.e., '^shutting out" the 
other port through the sheer rote et whieh it outpuU com- 

The priority granud to each port, end to Sietl^ Mntender 
for service, refresh, is dynamicilty modified on the basis of e 
set of arbitration rules and on the bttift of the recent history of 
service granted to.each port. 

A LOCK control is provided for those irutances, such as test* 
and-sei opemtions. semaphore opaitlom, or high-speed blocic 
transfen, in which one port must not relinquish iti access to 
memory in favor of the other port:. When one port activates 
LOCK, the other port is denied lervlcc uniO IXKK is deacti- 
vated. Refresh is not effected by LOCK. 

A Error Checking and Correction 

When used with lu companion chip, the error detection and 
coneetion uiut (EDCU)' (5) . the ADC provides complete 
error checking and correction (EO:) (6) service for memory. 
Fig. 4 illuArates ichematieilly a merooiy with ECC controlled 
by the ADC. 

.,^_In ECC, every data word h*J ti unique zzl cf ch;:cic biu 
'Intel aaoe 





FIft. 3. '.DuaFport mcneiy eoBMlM W ADC 
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Fig. 4. Manwiy with ECC eosuoDid by ADC md EDCU. 

Stored along with the word in memory. The check biU are 
generated by the EDCU using a modified Haituning code 
Whenever a dau word is read out of memory It it checked f<>; 
eiron using the check bits reid out with the word. An error in 

^rJy or.s bit is corrssUySe .-.while »si enoi in.iwo o^'rii•.*^«'•^;^iv 
b lincorreciable. The enor description-given by the error 
type (conectable ot unconecuble), bit in error (for single-bit 
errors only), and word addrecs-may be latched for error- 
logging purposes. The system may use the enor desciiptlon 19 
order to taJce appropriate action in the case of memory errors, 
e.g.. by remapping memory to delete a faulty memory card. 

Multiple-bit errors geneiaQy retuh from the aecinnulatloo of 
single-bit errors in a particular memory location over a long 
period of time. To minimize the occurrence of multiple-bit 
errors, the ADC automatically perfoimi periodic memory 
scrubbing on ell memory loations once every 16.4 1. A mem- 
oty location hi scrubbed by simply performing a read opera- 
tion on the location and correcting a single-bit error if one is 
present Memoiy scrubbing is performed simultaneously dur- 
ing refresh cydes. with one memoiy location lucrubbed per re- 
fresh. Thus, no memory location, even one seldom access- i 
by the system, is allowed to go too long without ECC Since 
rremory scmbbrng ozi\in .rr2y iM7,si :i.';cii; cycles, co ^-ir- 
fonmanee penalty is paid for iL 

At power-up, memory contents are Indefinite and would 
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produce uncorrectable enon in read>modify.write open* 
tiont, - In order to pieveot false enon from being Asgged, the 
aDC tuiomAtically inltializis aD of memozy &fter powermp to 
zero with the proper, cheek tiits. 

/y^ g njjn mgMg jOwny A ttrihutej ^^c^^uJis^iA. 
" ' Several* Bttrfbiilel of the .M>C are modinable through pro- 
grammiiig to match It to tho oienoiy being cootioUed. Some 
of the modifiable ettribotes :at outlined below^ 

1) DRAMlSpeed'^emoty cycles mttched' to either of two , 
commdir DRAM'-apceftt-fmy bef tdeeted: ri^c" >00 v or 
•*RAC "^Wa ni.- •*••••;*'••: •** "• *; .* * . 

2) WanT LengtH/^litrnw/ maV/be'confTsured'with wmtd 
lengths of Goor 8 bits up td DO bits; o'ot covsting clicck bits. ' ' 

3) R^fre^Modt^Kefrealta may be initiated' InteiBaOy or 
extemBll/;.'**IttUniany inhtated refreshes are always sin^e t«-' 
fresh cycles;:" whUe: • exteniaHy tiUtlated refreshes may be 
nagle cycler or 128-cycle'bitRts^* A'refresh cycle may be pro- 
srammed'^ro/ Be 'tiDdtiated.' SntemaOy if 'aa external refresh 
request is late In anMog; - ' ' ' :t .. . . 

Refiah^ Rate^The- fiitenui refroh timer, cao be pro- 
Srammed to provide 256 refruhey eveiy 4 ou or every 2 as 
for op to 16 Cerent openttng rrequeaoes. ' 

nr. IHTCRKAJ. Organization 
A block diagram of the ADC.appears bi.Fig. 5. la the moit 
geoerai seme,,tbe chip b orginhed into.ihree icctions: . - 



Fig. S.\ADC block dhsnn. 



1} InitislizBtion and conBguratfon. 

2) Serrice request and output signal generation. 

3) Address path. 

A dcseriptlon of each section b gyven below. ' 

After reset the ADC b InltlaULed for operation under coatni 
of the initialization control block. Initialization consists of 
Qve steps: ; . 

1) Serially ihift prograxnining daU into the program shift 

2) Decode the prognmroittgdaU and configuxv-allcifaiits. 

3) Perform dibt DRAM wakc«up cycles.^. 

4) InltfiUte all of memory to zoo.with.t^ properdieck 
bits (ECC node only). -^ Wnr ^ 

• S) Enable normal controller opentfbn. \ 

B, SMce Requat and Outpu t Signal Chmxkm. „/' , 1 

A parallel Sibitration technique H. used, to onnimbe.the de- 
lay from a port command, or a refresh request; to cyde sCirti 
With this technique a request is sentin paxalM botbto thaar* 
biter aod to the. output dgosl geneitton. If the request chuv 
od was enabled by the arbiter prior to the reqoest. thsa th« 
request b lerrlced. with no deby caused by arbitiatioiL If 
the request channel was not enabled prior to Che request, then 
the request b stored in the request register until ncktlme tHtt 
the arbiter can enable ib&channd. ..The arbiter b desigaed to 
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eaabk lhat channel lOver 'wUdi Jt requeit b moss lOcdy to 
anive next, to that, in geoesil, a reqnest is serviced wllhout 
aibltntiOD delqy. 

Chajaeteriities of fcqucst ntet in dual-pott memories vuy 
from appUcatloD to appUcatloo. Hence, the arbiter roust be 
proTidedwlth-fome Indleatloo of what the» cfaanctexiitica are 
In order.tobe-BUetodeeidewlthiihlBhpfobabflityiifrawca 
which chanse] lhoiadtbe*eaAled durlsg.peitodtof tnactifity.* 
Per thb'pufpflse.iUie aiblter inay £e pfOgranuDed ic csahleak^ 
channd acooidio; no cme of two piioiitlzatios rules: Fort A 
Preferred or Most-ReeeatijOJlttd Ton piefened. With the 
former .arbttxvtioo rule, reqoests aie expected 4o Dnhrc. hi gen- 
erel, over chaimel.A, irrespective. of 4b«-rtcaoti)htDry. of re-, 
•qoensi «nd,'heoce,4hls chann^ Is enabled whenever there ue. 
no iKjoests pending. .Wtth the latter aibttxatlon rule, itqucsta 
aro-cxpeetad to mniwt in buftta fn on dthar port A or port B; 
and, hence, ■wtakhem-chaand.-wnsJastm^Scedjenains en-, 
abled untfl a request irom .another port axrirts. ] ' " * " 

PariBel .arbitration has a dpitficam Impact on i port toding 
badcpto^ack commands: with ublintlon delay thelisndwidth 
of the port would be dgnlfieanUy reduced, but wtth the re- 
questing channel already enabled when a rec)uesi arrivet, no 
time is lost for arbltratton betvwen cycles. 

Once a cyde itarts. It nm to completion without further 
intervention of (he raqvatlag chaimd. The cyde timing eon- 
tnd proirides start and stop pulses for output signal gaieralion. 

C AddreaPath 

The address path it responsible lor providing a multiplexed 
address to the DRAM fiom one of two soujcei: either the ex< 
temal mieroproceisov/bus or the inlenul refredi/scrub address 
counter. Tfauing b provided by the cycle timing control block. 

IV. Logic and Circuct Design 

Seven] of the ADC design attributes are listed below. 
- .=^RToee«=!Hf^esjIiK==~ii2^ 

Die itzc-199 X 223 mil' 

Number of devices-7 K ' 

Package-^S-pin JEDEC chip carrier 

Supply voIUge-i>5 V 

Supply cunent— 400 mA 

Logic sequence (dock) frequency- ] 6 MHz 

Dock duty cydc-24 to (8 percent 

CapaclUve drive capability: Addnsss-5S0 pF; RXS. CA§- 
250 pF; AS other outpuu-150 pp 

Command input setup time to dock for cyde start-20 m 

RaS output (ix^ cyde start) dda)* from clock-35 m. 

Several novd logic and dreolt de:dgn techniquei were used 
to achieve pcifoimaacc goals. Two of the perforaisnee goals, 
and the dedgn ledudquei used to achieve them, are dexribed 
bdow: 

1) 16 MHz sequence frequency. 
3) 30 ns setup time/35 ns deby time for cyde start. 

A. 16 MHz Sequence Frequtney 

The ADC logic it sequenced lising an undivided 16 MHz 
dock. This frequency is signlAcantly higher than that used in 



other docked ehlps implerrkeiited with tcM^hntSoglfts similar to 
HMOSn. To attain thit frequeacy»-thieejdeilgii ttdmlq^ 
wereusedi" . • .•-.T-, / 

1) Sln^e-edge1og{c. . ' ^''i CJ*.' 

.2) Singje-phase doddng, ^.1':.— ' 

- 3) Modular circuit design. ■ . • . : — 
. .It wu.eoentlal that .the circuit -design «Taa NMOS ddp 
**doeked at a frequency as high as 16 MHz beaHminuiie as pov 
/TiHiie'tid wisfionsln Ihe doe3( panmcteiiand'fi paitleulu. to 
variatlom Jn.'fhe dock wavediape.''3his WqSbea»e^ wu net 
by designing drcultzy ihatJs.vesyi^^indtiit'to«dock duty 
•••cycle .-and to -doek-wiveshapa.; To tfUsj^dJ aO drcuttsy wu 
- -implemented with -sln^o^dge logic usbgl^^e-phase doddng. 
.A modular -dmult ' deslgn-rnethoddloKy ' was jiso ^optcd In 
.'order to eitstire I consistent iledgn standards 'thraughottt the 

-^'li 'Stniif&ige Logte: f,^J^ i^SP^!?^!'^ timing oMogk 
..ToprndofB hnplememe logic nnd wtth iin^> 

edge logic.' -Du^Mge logie 'b dtaiaeteilzed by ' operations 
perfonned In two ntmoveslapping sups. Fig. 6 (a) fllostntes 
dual-edge logic timing fw the -exampie ofV regisUr tratufer 
operation over a precharged bui in a hypotheticd ndcropro* 
cessoi. During Ihe portion of the dock period madced tj, the 
bus over which the tiander Is to take place la precharged to a 
high voltage levd. During the portion of the period maiked 
tli the contents of the first reglsler are read out onto the bus 
and sbmxltaneously written from the bus Into the second 
regisu^. The two parameters r^, and t/f are each spedfted with 
minimum values. These values translate Into the minimum 
and maximum values of the dodc duty cyde. In general, the 
requirements of f|. and tu force the range of clock duty cycle 
values to be vary narrow. Hence, dual-edge logic is usually 
very sensllivc to dock duty cyde variations. 

Fig. 6 (b) iUuttratei the liming of single^dge togic foi tht 
case of I sequential machine, in the fcrm of which the ADC 
was-designed. Sin^eredge logic » charactcrced'by c:>»ra*;vio 
lhat start and end on only one of the dock edges. The secorid 
edge does not participate in such opetatlomand. Ideally, may 

occur at ai^ pcrint la the dock cyde. Thui. sin^e-edge logic 
ideally can operate with a dock having a duty cyde rmnging 
from 0 to 100 percent although, in practice, the attainable 
range is narrowei. The ADC is spcdfled to opente with a 
dock whose duty cyde ranges from 24 to 6S percent 

2} Single-Phase Qocking: Qocked NMOS logic is com- 
monly sequenced using two nonovetlapplng dock phases de* 
lived from the matai dock (7]. Thb dual-phase ctoddtng. 
whfle allowing for straightforward ctreult design, Is sensiUve to 
dock-phase distortion. Fig. 7 IDustntcs the two detiimeotal 
effecu of dock-phase distortion: phase overlap and dead time. 

Fhare distortion is the result of several factors, such as faulty 
dock-phatc generator operation. RC delay In the path of one 
or both clock phases, or even ringing caused by /rioading. K 
the distortion takes the form of phase overlap, a fatal dtuatioi: 
could result: during the o»erUp. Interval the scquentid logii 
momenUrily becomes combtnatoiia In normal operation an 
laformation bit propagates through only one logic stage per 
dock period. If the propagation deUy of a stage is less than 
the width of tht overlap Interval, the bit could propagate 
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r«. 7. Effoeu of doek'phtse dlslortioa. (•) Fhue'oYcrtip. (b) Dead 



Uirough'mbre tbkn one sUgraod: fatally. corrupt the lope ittie 

of the chip/' ; ' - '\ • - 

Dead ttme.'bn ti^e other Kaxid.b nor fiul; but It rtpmeats^ 
aa Inteml ' duirlng which' Icgic propa^tion b suspended. 
Hcnce/ dcad^tlm«^reduces''th B mount of time mflible for 
logic pioipagjitiGia and reprtsentr & destgn'constnlnt. 

A dngl^^Kase 'docklnr'KKtantrwu cfaoiea'f ADC' In 
order* to avoid* both" ^iasroveilafr tbd'dead.ttaiie: Rg. 8 (•) 
uid 8 (b) eompare the baileZ>*type fUp-flop implemeoted with 
rnglo'phue- docking; ar'tised In Uie ADC, with a/)-typ8 Hip* 
Hop bnplemented'with twb^hasr clbddns; In the dual-phase 
implcmentatiott, tho lerrd'at tlnr biput^ it sax:;^Ud on cha ru- 
ing edge- oC ^1 and hdd oo'lbi fUUng edge, while the sampled 
level b tzamfcrred to output Q on the rUag edge of ^ . In the 
nngle-pbase fanplemeotatloo; the leveTat InputD b sampled on 
the tbing-cdge-of ^, while theflererbj^Dultaneously held ted 
Uanferred to ootpot Q oa the faUlri^ edge qT^. Thui. unlike 



b the dual-phase bnplementation. the hold and transfer opera- 
tions in the «tng}e«phase imptefflentation always occur 01 the 
aamt point, Thb characterbtic of the tiagle-phase tmplemeo- 
utlon makes it hi^y iniensithre to clock ifistortios: say shift 
in the hold point of the master caused by clock distortien will 
be tracked by a nroitar ihlft In the iiansfcr points the dare. 

J> Modular Omdt Design: The logic and dicuit design was ' 
done by a team of design engineen working Independently on 
Individual circuit blocks. A modular drcdt design methodol- 
ogy was devised for standardizing design piactlees among the 
team members in order to ensure that blocks designed by dif- • 
ferent engineers would have compatible transient behavior* 

CoBceptuaOy. most of the chip logic was partitioned faito 

. J^ppcjnOdulftl^^ logic m»*dtilt. k t^*jir^ «QPr.d > /Vtyp^ .^^^-.-^ ^ _ 

'^^?£|Hfl&pf«9''iii^^ one-to-one concspondence exbts between 
logic modules and D-type flip-dops. The output of a module 
b just the output of the module fUp-Oop. whOe the inputs to 
the module are either outputs from other modules or inputs 
external to the chip. Fig. 9 (a)..illustrates*a single logic mod- 
ular whUe Fig. 9 (b) OlustratM.a.Kypo'theticd'M^^ • ' 

logic modules. . . . . . • f V, ./ -Mi-hf' * • > .' 'V- 

Signals coming out of blocks woe assignee staodart ou^^ . • 
delays or from 20 to 30 as,, while 'dffsal&goinc^hrtQ/blod^ 
were assigned standard teput set-up times'.o? &om 1$ to 35 ioi .'lU- 
Thus, stace thfr input and' output ^thnhigs of an!ind(fidQil ..^£5 
module were* weQ defined*, the. modiile coidd, be d^gned, u a 
self-contained unit with only.a odumat refiana'oalouiv^gfr 
of those modules to whkliiLmim hiterf8tt.'l'n^ methi»^ 
bgy was an Important factor fai the acMmnent. of fuH- 
functionality at 16 MHs en the very firstitcxatioa-erthe chip. 

£L 20m$empTbne/3SnsDebjrTlme'toCydeStaT 
— One of the niost important perfoimaocc rsqtdrementsof thfr 
ADC'b that a memory cycle start*as soon u possible aAer tike 
arrival of a command. Thn^ in the case of a comnaiid' Otmii 
an enabled port, the memory* cyde b required tb'stut on tho.* 
tamedackedge that samples the cbnunaind;' V"*^ '^•7;';*'^ ^ v.^^ 
Stilting a memoiy cycle lovolves'txiggefing np'^to^tiiiee'^oo^; 
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put generetois and aoothcr two iDtenul dicttlt blocks. In 
tennt of logic gates, up to appfaxfanately 150 gates* distrib* 
uted throughout the diip. may hive to ojnple a tingle ex* 
terruJ input tignal and trigger opentlons on the arot dodc 
edge that nnjpUd the Input. The setup time requirement Tor 
luch inputs is 20 ni maximum. The detiga problem posed by 
this rcqiiirBment was how to bus the input slgails thioughout 
the chip to the target gates without incurring ooacecp table de- 
laya en route. 

To minimise deby In the paths from as Input pad to aD the 
gates qualified by the Input, thiec techtdqua were used: 

I) Low-realstanee Input pioteccioo devices. 

7) Metal busing. 

3) Local TTUto^MOS burrerbt:^. 

The scheme based on these terhnlques is illustrated ia Fig. 
10. The Iow*resistance input protecUoo devices along with 
meul busing *n!nimiza the j?C d^tay In the path from the pad 
to the Urget galea. The optimum low-reslsunee Input pro* 
tectSoo device wu found to be a variatioa oa the common 
dUTttsed-fcsbior/groonded^tc-transIstor combination. The 
series resbtanee of the diffused leslaior was reduced to an 



acceptable level by increasing its widfh-t»4ength lutio, whBe 
the width of the groundedtate tnnsisior was increased pro- 
portionally In order to eompeasate for the lowered series rv- 
ftsUnce. ,Most of the criUcal Input signals are bussed ovci 
the wide 1-shaped bus appearing in the upper portion of the 
photomicrograph in Fig. 2. Eeouse of the lazge ouinber of 
gates /iriven a lin^e input* i sin^e TTL>to^05 buffer 
for the input would have suffered a large delay as a result of 
the large cspadtlve load It would have had to diWe. Innead, 
the input signal is bused unbuffered to the tasgei gates, 
where indjvidua) buffers are provided at the entry poIntL 
Although this technique requires maxiy buffers for each input 
signal, it contributes to a reduaioo of up to 10 ns in setup 
time. 

ThV'ifJiput ^t?.Zj Hint for''ihc'o»itpuo:;we3iriMC byath'er? in- 
puts is 3 S as maximum. Meeting this requirement wu cempli* 
cated by the fact that an output signal had to be tiiggeiable 
off of either dock edge, depending on the conflguiitioD of the 
ADC. The circuit ffluitrated lo Rg. 1 1 meets both requi;e< 
ments. It Is essentially a cynduonout R5-type flip-flop trig* 
gcrabl e off o f cither dock edge, u determined by the signal 
RISE/fICL Since ^ it just the buffered CUC signal. It is 6^- 
layed with respect to CUC By triggering the circuit with CLK 
faistead of with 0, up to 5 ns are saved from the overall dday 
dme. A stgnifieant amount of oveilap does exisi between CIX 
and ^, but tlnct the eireult does not interfaee with way other 
on-chip modules, the oveilap b nonfatal Note the local tow- 
voltage source Vj^ c oni po i c d of an Inverter (led to Vcc 
a capadtor-coimeeted transistor. provides a voltage levd 
of about one eohaftcemeni-mode trmnsbtor threshold for the 
network of transmisaon gates during discharge of the storar- 
nodes, Were the transmission gates connected directly to . 
Iheil gttc-to-sou;cc voUage would be approxlm&iely one 
threshold and they would leak off chaige itored on the storage 
Bodei The capacltor<«onnected transistor acts as a decoupling 
upadtor and prevents Vu f'om changing during discharge of 
the storage oodei 
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Abstract 

TKt preblvm of cache cphcrcpci ift •harcd-mcmoty moltlpio- 
cc«jors hM brcn •ddrcficd uung i«o buic »ppiMchii: ditcc* 
(orr schcmM And tnoppy cacKt tcbtmet. Dtrcc\erx tcb«mc« 
h%rt bciA fiivco Icn tUentioft in tbe phsi mvbisI yt^t%, whUe 
tnoepy c^chc methodi have become e:clrrm«)r pepuUr. Dt> 
rccterjr »cbtmc« far «aebt cobercMc iitt pot«nii»n]r fclttM* 
iWt in Utft mvUip'ecitMr ayfttimt ih%i kt« btjrMd iK« foW 
in$ Umtti ot tbt inoftpy e&ebt KhtniM. SU$bi medlftetUMi 
'to dliceieijr achtmu can mkka ibim compcttiivt in p«r1br- 
Biati«i «tib anoopy cacK* tcbtmca (oi trMU mwUtproctaaqra. 
Ti*c« driven almttUUen^ oatng dat* collccttd C*Qm M««fai itU 
mstUptKCtset nppUcatloAt, U wad %•» comptit tbt paifof 
fiunet of itandard dirtcioty ftcbenet, nodlftcaitoM lo tbcic 
tcbcmei. and taoctpy cacbt pteioceU. 



dau in tht ocbc diitcioriet • the Ufoimatioft abooi the natt 
of iht cached data ii diitribnicd. 

Anotbci cl«u of cehticiicy protocol! U rfireeiorvbeicd 
|6.9,10.n). Directory* ba»ed protecob fceep a lep^ate dtrec> 
lory kSMcUtcd with maia memory tb»l itoiet ibe ttuf of 
cfccb block cf main memory. Each cntty in ikii ctnttalitcd 
dirtctoty mayconuia irveral fteldi dcpcadini on ibt piDio> 
col. (or example, a dirty bit. a bit ittdtcating whether oc aoi 
Ibe block i» cached, poiatera to the cachto that enatata the 
b(och» etc 

How do tftoopy cache protocolt work? A typical icbcmc 
enfotcei conmtency by aUowing roohiple icadcra boi oaly 
one wiilir. The atate auodaied with a block'i cached copy 
deaotu whether the block ii. <ot exanpU, (i) invalid. (U). 
valid (poiribly ihared). oi (iii) dirty (ezeUtivc copy). When 
a cache mtia occurs, the addrcM U 4reodco«l oa ibe thaied 
bua If another cache hae ihe block la aute diray. the eute ii 
chaagtd to valid and th« block b lappVtd to ike leqaeatlni 
cache. la addltloa, for writ« miiM aO copies of ihc block 
arc {Bvalldated. SlBOarlr, en a write hit to a deui block, the 
addreu b brsadcwt and each cache matt invalidate iu copy. 
Id scacral, all cache UaaucUost that laay rcqvirc a data 
traoifcr or atate chaag* in other caches notl be breadcut 
over the bua 

Snoopy cache achemo ore popnlar becaoae imalticali nttl> 
Uproctaaora eaa Uve wfthia the bandwidth coattralnu im- 
poMd by a flngle. shared bus to memory. This ihared but 
makes the ImplemeaUiloa of the broadcast actions itraishi* 
forward. However, snoopy cache tehemes will &ot scale be> 
yend the rasie of the number of pcocttaors that can be ac> 

*w«wBCT eommodaied on a hue (probably no more iban 20). Attcmpu 

«MaU» lakinf apceial action when eniupioccMot wri'«s Ijel^v, . "? Mplaeinc^lhs.bua witb » htxh«r,ba(to«idtk^ 

block of dat4 that* cx££l£ in bihcj- sacLeir TlTe dk'lA^in Vbe^'"'*^^''*^''^"'**'^"**' networs wiirabt bt aQcceuful ainc* tac con- 



1 Introduction 

la the past several years. sbared-m<:moiy nattiproccaseii 
have gained wfde>aprcad attcatten due to the limpticity of 
tbe shared-menorjr paroSsI pregramrniag raedeL Bow*vrr. 
allowing the processors to shara memciry complicates the do> 
sign of the memory hierarchy. The moit promloent example 
of tbis Is tha ccche coAtrvncy or coeAr contMlcncp problem, 
which is lairodsccd ilthe syaum todoa«t caches for each pt^ 
ccisor. A ay ate m of caches fs said to be coAcrcntifUl copies of 
a main memory location in multiple caches remain ceasisteat 
•^htn the contcota of that memety locaUoB nre modifted [ij. 
A coeht cahertnev prsioco/li the mcchaaism by which lb«co> 
htttncy of tk. each«a It maintAincd. MaiBUiainc coherency 



otker eachca. which i* now luU. must be either invalidated 
or updated with the aew valae. depending oa the protocol 
Similarly. It a read miss occart on n shared dau Item and 
memory has aat been updated with the moil recent v^lue 
las wid happen io n copy-back c«c:he). that most recvnt 
jaloe mail be. found and supplied to the cache that miai«d 
These iwe aeUons arc th« estenee of all cache coherency pro- 
tocoU. The protoeola dilTcr prims tily in how ibcy determine 
whether the block ii shared, how ike,-# Rnd out where block 
copies reside, and how they iovalidatt or update copies. 

Most of Ihc consistcacy schemes ihi.t have been or are be- 
ing imHcaicatcd in maltipreccsxors are called *noopp cocA« 
piotecoU (2J.4.S.6.T1 becaeae each cache in the aritem 
must watch all coherency traaaaettom tp deteimine when 
Con.»iency.rela«ed actions akootd t*k. place ht .ha.ed dau. 
>«oopy cache achemo at ore the ataie of each block of cached 



•ttteacy protocol relies on low.Utcncy broadcasu to maistain 
cehercacy. For thb reason, ahared-mewory multiprocesfon 
with Urge nambcri of ptoecsiors. saeh as the RPJ (12), do 
aot provide uche cohctcacy tupperi in hardware. 

Thoe snoopy cache Kbema abo (ntetfere «Kib t)t« 
procestOT-cache oannection. Becagta the eachca of e/l pro- 
cessors are examined on each coherency tranaactien. inter- 
ference between the proeeuor and its cache u anavoidable. 
This ioierlerence can be rtdoced by diipUcatfag thi tap and 
saoopini on the doplicate Ugs. Kowcvcc. the processor mii«« 
wtiM both sets of tags and thoi arbitration b required an the 
duplicate tags. Thu impacts the cache wriu time which may 
slow down the everaU ode time. eapedaUy in a high p»rb*» 
mance machine. Attempts to reduce the bus tiafflc ^eseratrJ 
by cache cohcrenry requests in a snoopy cache seheme rrMlu 
in fairly comptrx proiorols. Theee may impact e'lihtr the 
cache access time or the coherency trana^ction lim* 

la thu paper w« pi«pose that diiectorv-baied sebemev arr 
better suited to budding hrge>scalc. cache-cohcical 
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.lUfiW'^"' * l» «- 4lilt faf « COIRRIMfll* 

*.»iio«» nieca»mim. TSii |t»uct t» « -m »iep m t«4tuAiin« 
jitrcior* t<keme$ wn% itacet from itii mttttiprocm »ppit« 
^»iion** AUhoocK «>t do noL h»vt suAotfll d»lt to Himen* 
qaantiiikitvtiy t)i&t ibii dircctorv lebrmcs uc tlTective 
a * Ui(«^*c^< mnllipfocesjor. »• d» diicQU liew ihetc di* 
rfCtoiT tchemM c»n be tc&l«ii aed dcmooitt&ic thki their 
pctfermince in 4 tmAQ.*cftJa multtproccttot i» Acttpublt. 

Wc vit ir»ct-4riv«n timtiluion, %nib meet obttincd from 
rr»] fflultiprocesiortpptic&linaft. tocrUgMr^ buicditectofy* 
^«j«J cobctcAcT protocol ih»t a»et boi brokdmu ^ad vtr> 
ikki iu pcrforinvnc* ApproAChct thkt of snoopy cacbc 
-•cbrmct. Wc.tbca.ebvUtt.breftdcMU.bv iodadifig ft •kKd b«i 
•vr e»cb« to ckcb directory cMtrx. aUowiag teqetiitUl tAvtii* 
d4iioft of nioltipk c>ckcd copies. Perfoimftnct it aot tifrnft* 
rami* degraded bjr thit modUcAtion. And in most caic* {o*cr 
*i% of write* to pfe*'ioo»l]f*cttAA bleckl) bo men tban one 
te^oertUAl invalid Atioft reqoeit ii nectsiArjr. Unfortonttcly, 
ihe need for a vaLU bit per CAchc tntricti ibc Ability to Add 
OA ta AB csuUbi maltiptocnsoi witboot modifyini pAiti of 
tbc enisUnf lyitenu This n\oti»Atc« a icbemc tbAt caa per* 
fo/m up to tome $mkll nombcr of •cqatoiiAl iavAlid»tct lo 
hAAiile tbc most [re^uent c«ac. And tbAt tciert* to tpfnc form 
of 'limited broA4eM%* etbcrwiso. 

The pApei lirtt c*vic«^ petviooi dirKtoty »ch«ae« Aod di*- 
cusiei bow tbty overcome vbe limit&tioBB creAied by aaoopy 
cAcbe lebemo. It aUo pr'sposcs a icntrAl ckitiKcAltoA of 
tkcte tccKniqacA, And idcnliAcs a few tbAt eetm ineil in let* 
cstia^for performAAce And ImpltmtntAtion re&joBi. SvcUon 3 
eutlaaca lbs Bcbcrnc* tbAt «•« cvmloate. W« d«»crib« our «va1- 
OAtloa metbod Aod the cb^jActtriitica e( oor msltlprocciAor 
Adtitca* trACCf la Section 4. Section S enluut bAsie di* 
tcdofy and tneopy cube Kbcmct nsd dbc«MCi their per- 
fotmABCfc Section 9 tbcn estendt tbc diACUAien to indod* 
toon MnUblc directory piotoceb. And Section T conclodci 
ibc pbptr. 

2 Directory Schemes for Cache 
Consistency 

Tbc mAjer problems tbAt cioepy CAcke tcbcmet pottcs* Ate 
Ufnited icAlAbiUiy And iottrCcreacc with the proccsur«cAcke 
. wHte^Atb. ^Eew do d!m.iery •cbctaci^Ad<dt52i^tlie>t pio^ . 

•aooping protocols it tSa.t the loc&clea of the cschcs ihAt 
bsvc A cop/ of A Ahsred ^aia item Are kAo%rn. Tki* m«AO« 
tkAl A broAdcAAt ia not req sired lo find a11 the sbAced copies. 
InittAd, ladividuAl mcssAi^a caa be scot to ike CAckes wiik 
copio when ab lAVAlidAte occvrA. SIbc« these mesufcs Are 
directed (i-c>« sot bro4dca«t), tbey cab be cAaUr MAt ever anj 
AfWimry intercoBaectleA oetwerk. aa opposed to jssi a bus. 
T^a absence of bioadcaatt eUminAicf tkt major fimiutioa on 
acAiint cache ooheient mrliiproccaiori to a Ur|e aumbcr of 
proccsAors. 

Bccnnso we no longer need to ex Amine every CAche for a 
copy of tbc data, tbc d8f>1icate tap caa be eliminAlcd. In* 
aicad. wc atore pointers in msiB memory to the caches where 
ike dau ia bAown to rniile and invalidate ihrir copiei. The 
protocola ate aIio simpler thAn the dlittibutcd snoop/ aI(> 
tSthina becABse of the ceni rUii Alton of the information about 
each d*lum. 

SeverAl diieetorybAstd contistencv ichcmcs have been pro- 



i»«**<l in iSe 'Mier*! T*ot's method \%\ aIIow» c-.ran blocks 
to .-v.i t« lUAnr c.. .es. b<it diAAilo<«s dirty blocks from te- 
<idiDc in more than one cache imest sooopy cAc^t tohftrttcy 
schemes tise ihf tame policy), (a this Khcme. ekch cAche 
fflAiAtAins A dirty bit for ^ach o{ iu blocks, and the Central 
directory kept at memory eonlAins a copy of a11 the ta(i and 
dirty bits in each cache. On a read miss, the central directory 
it checked to tee if the block la dirty in asoiheff cache. \\ 
coftsisiettcy ti mainiAined by copyiai ths dirty block bncb to 
memory before supplyinf the dstA; if the directory Indkaics 
the datA is not dirty in another CAchc. then it sopplie* the 
dAU from memory. The directory b then opdAtcd to tndi* 
cste thei the reqoestinf CAche now has a clean copy of the 
dkta. The central directory is Use checked on a write mtiaT'^ 
(n this case, if the block is dirty in another cache the« ibe 
block is first Hashed from tbst CAche bAck to memory before 
topptyin^ the data: if the block ts cIcaa ioi other cache* then it 
it tn«*Alidai«d in ihott caches (i.e.. removed Crom the CAcbee). 
The dAiA is then supplied to the reqvesiinf CAche And the 
directory medi&ed to ibow thAt the cAche kAa a dirty copy of 
the block. On a write bii» the cacha's dirty bit ia checked. If 
the block is AlicAdy ditty, there is ao need to check the centtal 
directory, so the write can nrocccd immcdUtcly. If the block 
ia cIcAA. then the CAche oeiiArs the ceatrAl directory, which 
m«tt invAlidate the Uock in aJ] of the other cachet where it 
resides. 

Censicr nnd Fcsutrier [9] proposed a similar GOBsbteAcy 
mechanism thst pcrformi the same aetieat as tbt Tabs 
scheme but or|anixes the central directory differcatly. Tang 
duplicAtc* eAch of the individoAj cmcbe ditectorien as his rasia 
directory. To find out which caches coBtalfi a block. Tant'* 
scheme must sesrch each of iheso do plicate directoiic*. In 
the Ceatier and reaatrter central directory, a diny Ut aad 
A Bombcr of vACd (or 'present') Uia eqnal to tbc Baiobtr 
• of CAcbes Afc AssociAtcd with each block rn maia memory. 
This organisaUoB ptevido tbc aanc bbtmaiien a*, ibc dm* 
pUcau cache directory method but allows tbb iBfetmatien to 
be accessed directly using the address supplied to the central 
directory by the requesting cache. Eacb valid bit it set if tbc 
corresponding cache contains a valid copy of the block. Since 
a diity block can only exist tn at most oac caebe, ao aoro 
than one of a block's valid bits may be set if tho dirty bat is 

Mb 

Yen and Fu suggest a smsll reAncment (U) to the Ceaaicr 
jiadJTeauiirier canvt^tency technique. The ctotraJ dircctery 
'U'unchaag'?l.''''eat^i'flr'addttion io the vsitii and dirty blu/ 
a flag called the iingfe btl is associated with eacb block in. 
the cachia. A cache block's sisgle bit ts set If and only if 
that cache is the only one in tho lystem that cootaiBs tho 
block. This saves having to complete a directory access before 
wriilng to s dean block th«t {• not cached ebcwhcre. The 
mAjor drawbsck of this scheme is that eatra has baodwidth 
Is consumed to keep the single bits updated Is all the caches. 
Thus, the scheme saves central directory ace esses, but doc* 
not rcdtiec tbc Aiimbcf of but acccssc* vertai the CcBsIer and 
Fcsutrier pretocoL 

Archibald and OAtr'preseot a dircetorybaaed consiiteney 
mccbaaism (10) with a different organitation for the ceotral 
directory that reduces the areowni of stora|e space io the 
Jirccierf« an«) also makes it easier to add more caches lo the 
ivstem. The directory-saves oaly two bits wiih esch Mock in 
main memory. These bits encode one of Ibur pouiUc itates: 
W»ct- net eochat. Uock efeon ta etoeffy one coche. Mock eleen 
in an unftnowA numbmr of tathtt, and hieck difltr in tSOCtIf 

^nt rochr. The directory therefore eonlatai no information- 
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. ,0 ind.c... -h.cb ccKo .o«wi. » blorti .b. «>«r 
brDMlCMU lo r«»f<»'»^ ••••tdM,. 4iid wtii^b»ek ttq«cUJ. 
Th. c/*«ii m «cfc#.uit •bmtti tkt need 

coatftiotd io »i»r •^bw «»«b«. 

T*o cU»r ilftwnef m« pf«t»il »meiig ik»t dirtciotr 
•eVcmiK 0»« •umUt of >»ctt«of indict* co»Ui»id ift lh« 
dircctPMo fcnd !>>« pi«e»« of » l»ro.detti Wl. cab ihus 

W id Iht diicoory 4nd A* ii «ib«« B or A'B for B.o»d«-t 
01 No BroAd<a»x. tn 4 c^-btoidwal Kbcmc Iht nomb«r ol 
piocnisrt iKai h«*e copio of » duum mo»i Alw*y» be leu 
th»a or tq»*l » i. tb« number ol indico kept ibc direciory. 
ir tbc ieh«mt kUowt bro»dc*ii ibco tbe oumbert of piocet- 
MHf CAO b€ Uriir ftod •b«a il i» |indie»ud by 4 bU la »b« 
d)rc<iorr) A btoAdeoi 1% uifd Id ia»ilid»u ib« ucbed d4U. 
Tht one c»»« lb»i do«* ool m»be ■«»« « DirtiVB. uftn tbtte 
i« oo «>*y to ebuift esclasivt ftcceu. 

U tbU uiiBioolou. T»ftg «bt»« w diMiJltd ti 
DifmSB, *b« C«n»Uf Aod FcAslritr »eh«nit u DifmNB lUo, 
4.d tbt B*er »od ArcbibUd icbrnt is ^i>oS. Out e»»lii- 
«aoii «o»ee6tr*u» Oft t eft«ple of key poinu io tbt dcsigft 
•P»<tt Pi'-i/'B Dif.fi. We wiD alio ptmnl m»lu lot 

Tbere ut two pot«Bi\»l dimcsliic* ik»l pteirtfli teilxbilUy 
el the diicnoty icKemei. Sxni, if ibe tebcD* »lw»yi bt Ci«. 
qoiDtly icqtibct broadcuL, tbco il «iU do no belter tbu the 
■Boepy icbeiRc*. VuiAtloai ia ibc di/eetoiy tchemci 
betvMint lb* of i ta • l*iuB Kbcmc] dta«u« tbc 
Ire^veacy of brokdcuL We mvtt Uw oKkmlat lb* dyumie 
aomben of cncbes ibai coaUJa u tbwod dalom to cvalsAte 
ibt «ciu4l be^ocacy of occactenco. Secoad. Ibt Mcess to tbt 
ditoctory b a poltAllal bol(ltoeslb Bowevtr, we wiU ebew 
ihfti ibe direcioiy It aoi rnntb mote et a boUleaecb tbaa 
Btia mtmory. aod ibc Vaadwidtt; to betb e^a be iactcMed by 
btvisK a dbtrlboted mcnoxy blcrttcby r&tkcx tb»ft ccatt«J- 
Ued. That It, memory it diniibtied teteibet with iadivldeal 
ptocototft. In addilioa le cciuia adT«&ugei ia pfovidias 
•caltbla b«Bd««idlK to the mtmories (rem tbt local proccatet. 
the orcaaitatioB dUtribotcs tbc direeiery, auodaliai it irith 
tht iadividval mtmory medulcft. 

3 Scfie^lf Bvalu€te"d^"^ 

W« will evaJtttu two directory achemes (cAiltd Dir\fiB and 
Dirt8)» aed two ineopy cacht icKcmu (Wi'tte-Thretsb- 
Wltb-tBTaHdatf tad Ora|on) for cofflptiitoa parpotcs. Tbcee 
pArUcolar f aoopy cacba «ecbnJqo>if wert talectcd beeasM they 
rtptiKAi two tztremca of pcifoinaaot tad complciJty. Tbt 
1*9 directory tcbtmca are also cxircmet Id tbt namber of 
limahaacow acbed cepict aUowtd. The Mlowini is a do* 
•eriptioB of thcM Cour pretoeeli. 

Tbe'mon rcitrlctl't of ikc foor tcbcmei is Dir^t^B la 
ibkt t glrco block b allowed to rcttdc ia ao mors thia one 
cftdie at a lime: tbcrefore. tbert >ZkA be ao data incooiiitcacy 
knots eaebct. Tbe directory tatry (or ckcb block co&tais of 
a petfllei lo the cache that cenUitii tbt block. On a cache 
oust, Ibe directory is aeertsfd to find out which cackt coa- 
taifti the block, that cache l» noiiftcd lo tnvtfidace the block 
and write li back le mcnory if dtriy. tnd Iht data is thea 
tappUed to tbe req«ettia| cache. Diri^'B h included in the 
evaloation becaote U b perhaps (he •imptcii director** based 
coaeUttncy acbcmc and b tasUy scaled to sappori'a Urtc 



nvmber of preceaaert. 

Tbt Di^%B it tbe Atcbihttd mad Baei scheme ttO| o«i* 
tlacd ia tbt pttWout stctioo. like maay coatitttticy pi«t» 
colt. A cltaa block may rctidt ia maoy cacba. while a ditiy 
block may taist ia cxaetly eat eaebi. U^alidatioaaare accem* 
pliibrd *ith broadcail*: a similar tcbemt that uta tiqate- 
iitl iavJidaici la place o( broadcatu (Otr.^ff) wlU Uur be 
thowa to ha*t aeaily tht «me pirlofmaaee. For ihe ini- 
tttl cvalaalioa. broadoLtls ue used in both the directory 4«d 
enoopiai schema because it raolta in a simpler cost model 
tad Ulowt a Uir compatiioo of tit two. 

Wriie-fbioueh-Wiih. Invalid ste (VVTl) ia a timple snoopy 
cache pioucol that reUes oa a wnu*tbtouBb |aa oppetcd to 
copy- back) cache poUey and ia otcd Id several comoercul 
BulUptocewora, Ail wriie* to e«che block* art traotmittid 
to main memory. Olbtr caches taoopioi oa tht bus check to 
.,« if they have the block that Is bfiai writlea; if ao. ihey 
ievalidaie that block Ift ibtir owo cache. Whto a diRercni 
proceuor aceetset tht block, a cacht mlaa will ocnr and the 
cnricat data wtU bt rt*d from memory. Likt D*uB^ mvU 
tlple cached copie* of clean block* can aast simnltaaeoosly. 
Becasse of the hlgb level of bos traffic eatiatd by tht write* 
thronftb tiratejy. WTI b pntrally considefed to beoaeof the 
lowat' performance anoopbi cache coaaiauscy proiocoU. 

WhDe the thxct previoos achtma art aO iatalidatieB pro- 
tocoK Dragon b an update ptotocoU Ut., U maaDtaiat con* 
sistcncy by apdating italt cached daU with iba ntw vJtt 
lathu than by Invalldatlaf tht atalt dau {])). Tht cache 
keeps aUie with each block lo iadtcate whether or not each 
htock b ehartd; aO wrila to thaitd blocks most be broadcast 
OB tht boa to that tht other copies can be updated. Drafoa 
was a special "shared" Use to deter mise whether a Uock U 
eorrently balai shared or sot. Each cache snoopt oa the bvt 
tad palla the shared Uae wheaever It tea aa addteaa for which 
it has a cached co^ of the data. Dra(OB b oftto ce&sidered 
to have the beat perfotmanca tmo&g eaoopy cache tehemca. 



4 Evaluation Methodology 

Sinolation oatag mtdtipioccaaQr addcoa ttactt b oat method 
of trftletiioa. Most previooa *todka that evale%tcd direct 
|;^^nory •cb«in«a'«Md'aa*)ytieai Rodda Ili,t}-Aefl tboee'tbtl ' 
a*cd aimolattoa had to make roesb Maanptioat abeot the 
cbarfcctcrlaiia of ahaccd meaaory icCcrtaccs (lO). Becaatt tbe 
performance of cache cohcttact acbema b very tensitive to 
tbe aha red- memory refertact paiurns, both of thttt pftrj* 
eat mtthod* havt tbt drawback that tht tesolu are highly 
dependent on tht aaaamptioes made. Ttaea-drfvtn timula* 
lion hu tht drawback that the tame trace ii oscd ta evaleate 
all consistency protocob. while la reality tht refcrcBce pat- 
tern woald be dilTereat for each of the schcmet doe lo Ihcir 
tlmlai Affercaeca. Btl the tmcet rcpiacat at leaat oat poo- 
albte ran of a tea) program, tad can aecaratety diatt«|auh 
the performance of vatieua acbemts for that itio. 

ThU paper deab with tht iahcrtnt cost of tharing la matti- 
prtKeasors and the memory traffic repaired to maiaiala cache 
conttstency. We therefore caclodr the misaet aoscd by Iht 
first reference to a block in tht trace becaete ihoa eecor ia a 
oaiptoceator iaftniie cache at weB. Tht tdditioaal o«tihead 
doe ta multiproetasiBK now consbu of (i) tht esira mbset 
that occur due to fetchitg the block into multiple cachet and 
(si) the cache eonthicncf -rttaicd operailons. Otir rrtelu rep* 
resent ciacily this overhead. 



663 FH PG 0570 



. BtMai&iaio« 4 cobtitfii ibiftk .#motr ir"*** * bibIh- 
iZt%i>i. To ihit tftd ouf simBUUDM «»t lo&fiitt achet to 
KiniB*" *k» Uy iMtKtftnet ift fttiit e»ehM. 

Tb» ptffoiiMOce or »tt iijftoitt cmKb » • |ood tpproii- 

L^rat'uUy ikt COBI of KriUltmc (ctcbt*. Morewrf f. iht pet- 
laftBBDCB of » ■yrt»0» ^llb tBAlUr C*eb« CEO bt «uim4ic4 . 

loTrtt ordfi by »ddiB| tht cosu dot to ibc finUt c&ehi liss. 
Xf picil e*cKt mb* tito Ait ttpettcd ia (IS.U). 

4.1 Performance Measures 

Xo 4eMimiM il** »b»ol«iie performiact of 4 mBliiproctMor 
tyium BiiAS tout preccuor «iiliS4iieft«. 4 •imBl4tiott mutt 
bit c»»rttd oot (or tvtty b4idwM« node! dniitd. A problem 
witb ibiB 4ppt04eh if tb&i ibe tb4rifl8 cb4i4curittici m>v 
ch4B|« bec»o»e tbe »lnjttUtioo model ii ditfetcni fiom ihe 
b4rd»4re oMd for $4ibi:ho| Q»i4. 

We wooU UkB 4 mvtric (ct ptffoimmce tb»i b noi tied to 
Any p4iticolu piocewor or iBHicoaoKUoa network BrcKiicc- 
tott. Wt u»« the coin0i«ttle4tioi» eoit pet memoiy ief«i*B« 
BBOVt b4Bk Btliic Thl« co»« U aimply the 4irer4|e nember of 
odM thhl iht but (or tici»etk) to btur 4 d4u U4«i(ef 
(roB 4 C4ch« 10 oooihir ochc C4eh« to dliKtotr, 4Dd Iron 
cBcht to oi (rom m4iB menotr. We refer to thU mcirlc eim* 
ply 44 bue cydte pet mnmorr telertoct. Thli mttric tbttncu 
ftw»y dcl4iU of hew tie direcionet 4i« Impleneoled. either 
ea ctnitkliicd or duitihotcd. U 4Uo rcqitira no BuompltMi 
ftbool the icl4tWe iprcdj of IocaJ 4od ooo-locil mcmocia* 
IocbI Bad BOB-tecBl bunca, ei proce>aer 4Bd the bos. 

Sioco th« raeepy conbt echimci ifHalro 4 bw>b4Std wehip 
iaetoto. wo oflB& ulk of 4 bw In oir dlrcoetr iBod«lt. Bew» 
•ver. tbo diTBCWiar BcbeBica «e dbcvts «ro titnml tBOB|h w • 
work to 407 Mt«ork 4f cUtactBio. WhQt ihe bo* qreles mrtiic 
bUowi oe to coinp4tB tho leUiive merit* of vtrieot cBcbo eon* 
•tstcncy ocbcmet. It a.tioot udicBie Amiritciy tbt ebiolaic 
perfonn40CB of b malliprocaMr. Bowertc, ta llgbily io4ded 
lyiUnu, m«UIprec««j<ir perfbrneDce could atlU b« 4ppfo»* 
m4tcd to &nt order Crom tht rignbcr of but eyelet a»c4 por 
memofy rcftreoce. 

The bo I cycle* per referesce foe 4 civcB CBChe coB«l>tcBcy 
Khcnt &rt coiDpvied u bOowt. finl we mc4iurt e*eDt fro* 
qeeodo for vb/Uo* »:bemci by rlnvUtlac meUlple loftiUtt 
.^c%^a>,^hT;m ?_««nu_are diffcrcat^ypcoof anemofy iefe«eii<aB.j^ 
1rbe1imal4tat Te£E»'4 icftrcBcelCroro 4 uhce 4ad ikkei 4 Mi 
of 4et{oBe deptBdIni '>b the type of the rcfereaca. the e(4te 
of the rcfexeaeed blocl:. esd the (ives CBcbe coaritleBcy pro* 
locoL 

Th« evcBt Cceqotode* %re bow wdshtcd by tbtir rejpcctWc 
coau ia bo« eydc9 to pve tbt 4SST«B4te b amber of but cycles 
^oied per refereace. For exBmpIc, 4 cache mis* e»ent roiiht . 
rcqalre S bu eydte of comma Bie4tiea ceit (1 cyels to seed 
the eddren, oad < cjcies to |ei 4 werdt of d4U b4ch|. If 
the r4te of ncb« mis*e> ii, i4y. IS^ thca the hiu qrclci ostd 
«p by cAche mUaca per tefeieaea ia 0.OS. Ia like mAaaer. the 
cotudno to other tvtau are Added to ^et the AutctAtc cost 
per refcrcocc. Sineo tho ehoiet of tht hArdwert model (t.c^ 
CBit pet tvtBl) it ifldcpefidtBt of the event freqeenrict. we 
need juit oftc limuUttoa tuB per ptotoeel to eompate tbt 
e^Bt beotieaciet , AM we cab thca my cottt for dUTeteat 
hardwMt modcto.. 

OcuQi of tr4cti ased ia iimuMent Are t^um in Set* 



itea 4.4. The bir * tut e»cd thre«(he«t thU p«»er it « word* 
(14 b«ie»i.'Ia 4. e Kiiemet *i«Hme th«i inMrocttOBt .to 
Bot CAQM toy cACht coBii!>icnev trlAinl trAifie. ',n «tldiitoR. 
wtilo AOl include the bai triAr einted hv tn»trDctiOB mt>in 
ia our peirerm4BCc etttmAtieai. 

4.2 Event Frequencies 

The eveat types of iautett ia A puttcuUi tchcme ere the** 
tbAt mAy reiali ia a bar trAniACtioB. AU the tcbemet te* 
qn'irc the trcqveacy of read aad wttte miiiee |reod>iB«ia ot fm 
*ad »f«lfMiti or wm.- Depcndtoi oo the tcbeme tome ether 
*v*e*,r S£:9e arc tbe aeedtd: 

0 The DrofOft event* iaclode the (tictioa o( rctcreBcet to 
block* tb4t 4re cIc4b or dirty in 4nothcr cache on a read 
or write mtt* (rfii<Uh<clo. riii.|n:.dnp. vm*Wh-€lm, 4ad 
wm.klk.driy). The dean And dirty aembere tadicau 
when A block it topplitd by Aiiothcr CAcht as opposed to 
(rem msia memory. Ia Addiiioa. wc nted the fitqucncy 
of write epdstet to blocks ptcstat in moUiplcciehn on 
4 wtiu hit {irA.ditlrih). 

• The write*throo|h scheme reqeim tbi frequency of 
writes i^rite) because aU writes Are irABimittcd to 
mAia memory. 

• In the Oiri <VA tcheme. we need the fr Actions of read 
«nd write rcftrenctt that mm in the cache, boi are 
prettnt in 4 diity or clc4n tt4tt in Aaothar cache 
(mi>((k.cln, rm'Uk-drtv, wm>Ufc-cfn, and vm-bilk.drfy). 
These etenU IndtcAte whto iDVAlidAtioa tcqsesis miut 
be sent to Another cache Aod when dirty blocks hate to 
be written b4ck to m4io memory. 

• la tbt l>ire 5 tehtme. In nddltlea to the Conr evcnu Car 
the Dir\ HB icheme« we need tbo proportion of write 
bila to 4 dcAO block («A'&a*cfn). Tbb event rtprcsenu 
qoeric* to the directory to check whether tht block re- 
sides in Any othtr CAche And hA* to be inir4lidAttd. We 
Also mcAsere the dutribntien of the n amber of cAchce 
the block tetklei ia doriag a potiibic litvAlidAtioa site- 
Alton to deternuBt the impact of v^rioat iovAUdAtkiat 
methods. The v&rtous lavmlidAtion methods ladude fuO 
breBdcMt, Cmticd btoBdcAAC, kitd ••quenti*! {Ar&lid»» 
lien mes*4(it to e4<h C4cht. 

"4.3 Bua^Modela ^ ' 

Tbe but cycle ceiu for the v^fiaae eveai* depend ee the 
sophisticAtioa of the has Aad mkin mtmery. Tlie eiantdci 
|i*en la this paper use the bo* timins depicted ia TaUo I. 
From this bAsic bu* model, and seme 4S««mptieiu aboat the 
sephisticstieo of the bet, wtcan «ttiin4te iht cost ia bet cy- 
cles far each of the eveau th4t CAoae boa irAffie. Btcaose the 
cosu C4a differ depeadins ea the type of hot or iaiereonaec* 
tlen network uicd. we will Qie two bos types of mdtly diverse 
complceiiy to ^rc an idck of bow the scbemct wUl pflrform 
over A rsn|« of bvt sad mtmory ot(&ftiiktion». On tbt «o» 
phistiCAted end of ihe tpccifoffl. wc «■* a pipcljaed but medtl 
tbAt hu stpArAle dat* And sddrns psihs. At the other c»«f 
wc u»e A non.pipciined bus ibAi hA* to molviplta the Address 
»nd dsiA ea the sArae bet Qaci. The Osts trAoifnt wijih ef 
both beses 'a tssurnvd to be one we/d (32 bits). 

For the ftptiteed t«t «*iih »«p4r»lt Unct for aJ4tvM 
dAU, memory ei boo'IocaI cschc ercewes cowt i cycl«« 1 1 
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Txhlt I: Tinv'nj fot ftt^dtmenial b%. operalioni. 







dead 




TtiCuUc 1 4»M word 




lBVftttd»IC 


1 1 


\V»U for Directory 


} 1 


\V*U for Memorr 




Wtii (of Cock* 


1 1 



Table 3; Sumnury of Um^t eh»ra«*.ertsit«». A!l ntttrJbert 
Arc in thousands. 



Table 2: Sumimry of bus cycle cosu. 



i Ac<cu lypc 


Pipctined btts 




1 mrm accns 


i' 




cache access 


S 


6 


wriit back 


4 


4 


ievklidaU 


1 


1 1 


1 wi o» wap 


1 




II dtf acecat 


I 


1 I 



cycle io aeed the addrcei aad 4 eyelet to |tt the d&i&). The 
bvl is aoi held dutlog the accesa. Write* backs eont i cycles: 
ihe ftr>t cycle eettdi the tddrcM and the ftnt data wgid; the 
temuniot ) voidt are icot tn ihr. mxt three cycles. \Vhn 
the d at* It tr»fis{etted to mtmor/ durini a writ»>b4ek. th» 
rvqoMtiof each* aJjo reetWve li. llit bus eydt* used br dalt, 
tr&atbr hf then counted andtr w?{i»*baek catrgory. K 
wrtte-thtonfh to memory or k «nr1tt o^date to another cache 
k 1 cycl«. A ditcctoiy check tiics I cycle le eead the kddicti. 
htii iov^td&tcs tte kiao 1 cydt. 

Ifi the Boa-pipdiBcd bu rDodnl. the boa hu to be held 
dDiing tht mezBory pr BD»>loeaJ cache Accei k Here a memory 
aceeii eotu 7 eydce, 1 cycle to tend (he tddrcte. 7 cydet to 
wait tot the m«nory acects. tad 4 eyelet le set the dat*. 
Ad acCBi* from toother e^ehe \m iS rydei, ted takes a cydc 
tea* than the iscmory access becastc the cache access wait 
U only OD« cyde. W|ii«.bacha itUl cost 4 cyctei; the waJiifi( 
foe menoty {• cooatcd vadei tk« ihcmory acceea category, 
aod the b«a need not be held while the wriu Iftlo meraory is 
uUag placB. As is tht pipelised bst. the data Is also rccdvcd 
by the req«atift( cache oa a writtt-baek. A write*thtough or 
a write npdale to another cache it 3 cydes, ) cycle to tend 
the Bddiess and 1 cyde to ecnd the dau word. A directory 
' cheek-ir S.cydcsrVcydc lo.tcnd the iddreis.aBd.2/cxelci Tor 
tceest ike directory. When poisibic th« directory ace set b 
ovetUppcd with memory acccu. I n valid a lien t eett 1 cyde. 

TlicM cosu lor the pipcGncd and AOii-pipeli»cd bsi modds 
ate a«ramafised ta Table 9. 

In the BOB- pipelined bvt, enci the address a ltd the data 
have been stDt lo memory or to tnothir cache on a write 
(or writc'back) operation we aasumt that iKe but ncid not 
be held whne daU la being wiIiub into memory. TWt U 
a fimplifyint aainmptloa and is siaalfy true if memory is 
iBtcrleavcd. We alto aatame thai broadcast invalidaiea. like 
a etngle iavafidate, Uke 1 cyde. Wc do not attempt to model 
the impact of broadcast Invalidate ob the bus cycle time. 

4.4 Multiprocesf or Trace Data 

The iraeej ucd lor simalailoa aniobtaiBed oiiflc a multipro- 
ewor eBteeiioD of the ATUM addres. iradnt scheme llTL 
The iBultiptocctsor vsed fot tracing **» » VAX 8)50 *ith 



' 1 race 


Kefs 


U>ir 




bVNn 


t Mr 


!»•• 


y6H 




ic:i 




:ci 


2iir 


32i 


THOR 


3222 






366 


2r3T 


4»3 


PERO 


3S08 


1834 


1266 


409 


3242 


266 



(bnr proccison. An addras trace cosuias iaieilcaved ad- 
dress streams ef the (e«r processors. CfV nnmbcts and pr» 
cess tdentihers ef the acUve processes are alto indHdcd ta 
tkt'trtc> to iVat any'addiets in the trace caa be idectifted 
k% coming (rem a I'tven CPU and (t«en process. ,K ceirent 
llmiutiea ef ATUh! traea ts that only foar*CPU traces can. 
be obtained. We are c«r realty developing a nstitpreccssor 
•imvUtor that builda on top ot the VAX T*hit mechanitm 
aad caa provide acevraie timelated traces of a mnch larger 
Bomber ol proccsaota. 

Tbe traeu show some a mono t o( shariog beitveen proces* 
tors that Is iadoccd solely by process migTatioa. Tbe char> 
acteristics of migratioB«iodgccd tbariot it sigruficantly dt/Ter> 
eat from sharicg present In the ^pplicatioB ptoccases \\9]. Wc 
wpvM like to exdadc ihls foim of sharing from oar stady siace 
a large aiBlUprocessor would probably try to iiUaimite pr»> 
cess nigraiiea. Therefore, Cor this stady. tec censider shad&i 
belweta preccssM (in opposed to shariB( between prece^ 
tort}, which means that a block is considered shared only if 
It b accessed by more than one proccsa. Becaose the time 
teqncBce ef the references la tbe trace is strictly maintaiaed, 
the temporal ordering of variees syaehronixatioa activities in 
the trace, toeh as gsttiaf or rdeasias * syBchtooisatleo lode, 
is ttiH retained. As a check on this model, we collected all oar 
tutisties based oo both proceta ahnnn$ and proecseoc sharing 
aad bond that the annbeis were ael dgalAcaatly dtffasat. 
Tbe similarity is due to the tew iastaaces of pteeesj migration 
In oat traces. 

We earrentty ase three traces Cor thit siady. The trace* art 
c( par&Uel appUeatieat ruaning aeder the MACS eperaiiBg 
tytum {19^ TaUe 3 describe* the ebaraeterittieaof the Uaecs 
Bsed for this sindy. POPS (20} is a paraOd impleaeauiiea of 
0PS9. which is a rale-baaed programming laagvage. THOR 
Is a paraOd ImpliowBtntlon of a logic slmvlntei doiw by Larry 
Soale atStaafeed Uaiverslty. PCRO (s a p^raUd VLSI roatcr 
^jftittut. br.-'Jeaa'.Uvii.R.'rM c: Suafr:d:~^A117tfaci£ Sadiide' 
operating systesn acUviir, which comprises foeghJf I09e of 
ihe usees. 

The traces shown larga-than-tisval ccad*t^i»Titt icfcrcpce 
ratio dec to spins on bcb la POPS and TBOR. The spifti 
cerrcspead ta the ftrst test ia a lcj(-o)id>lcil-&.rct tyschro- 
BiiatioB primitivB. Thcaa appear aa tends of a data word. 
Rnathly one.third of all the readi enrrespond to reads dtte to 
ipinning on a lock. We wiu look how tbe number of ipUs 
OD a leek affect the periocmsncc e[ cache coniittency schemes 
in ScetioB S.3. The ratio of reads to writes in PCRO Is also 
. high, bei this reference behavior it a resdt of the algorithm 
esed ifl the program. 
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5 Evaluation of F -ectory- Based 
and Snoopy-Cache Protocols 

Tht ftt»^ sttp ID ««»l««iiiiB «h« (e«i coMUitAcy tcKcmct is le 
mcMore iHt (t cqacacr «( •»cli type of rcfarcftct. T»Ut 4 
* breakdown e( the vftriotts lypct of ittcitncM tb&l uke plftct 
ia lh« font tctitmcfl &ftd iheir rcUtWt Irc^ueDdc*. Avtraftid 
aeroi* tb« lKrc« tt^cn. All ftumbcn ia ihii Ublt ut iho»tt 
M 4 pitccaia(t of ibc toiU aumb«r of fefctincii. 



T»bU 4: Event freqafO-iie*. The numbcri a« ihown o- 
A pereent»tc all refcrtoca. The frftctiens in cich tub* 



event 


3 Che mo ' 


Tf p. 




■WIT 




Ducn t 


iDitr 






49.T3 


49.tJ 


cud 


3)43 


30.13 


39.13 


39.83 


rd-blt 




3».8S 


38.18 


39.30 


rd*ini»(rni) 


S.1S 


0.«3 


0.63 


0.30 


rm-blk*da 






0.23 


0.14 


rm<bik-dnr 


0.40 




0.40 


O.IT 


1 rm*ftist-rcf 


0.3J 


0.33 


0.33 


0.33 


write 




10.4ft 


10.48 


10.4ft 


1 wrt.hli(wM 


to.ts 


10.33 


10.35 


10.36 


R wb.blk-€la 






0.41 




1 wK.hU^ity 






9.84 




1 «b.dittrib 








l.t4 


Q «b-1i>e»l 








8.63 




O.IT 


0.13 


0.11 


0.03 


H wB>blk-cla 


0.08 




0.03 


0.01 


y wm-blk'drty 


0.0» 




0.09 


0.01 


]} wm-fint>tcf 


o.oa 


0.08 


0.08 


0.00 



LEGEKO 

but! lasuoettofii 

ttad R«a.d« 

rd-Mi Rca.d hJu 

- rd«fnJ*s(tm) Rcs.d miuta 

tm*blk-da Rtid o\Im. blk cttaa ia ftaetktc ctehe 

rm-btk*4rt)r R«hd biIm, blk dlity la fta«th«r cecb* 

rm*fttst-rcf Rcirfi bum, ftnt rtfcicace to ibc Uk 

writ* Wriu* 

wn-blt(wh) . tyi{i«_b(u — 

'?~*wb.blk-<lo -'^VVFJi* fltlJlkdeaa la ibt iimtncichV^ 

wb*blk-dri7' Writ* bm blk dlfty ia tb« umt CMht 

- wh-distrlb Wriu bit» block alM lo taothct CMkt 

wb-loeal Wriu Ul, hfk sol ia tsoibef acbc 

«»n>mi«s(win) Writ* aJti 

wm-blk.cia Writt mitt, blk clna ia enotbcr cache 

wiD>blk.drty Write rein, bllt dlrijr In taotber c*eh« 

^wm.ltnt>ffcf Wiii« miit. ftr«t tcfcrene« (o Ik* blV 

• W« can make ervcffal atcful eVMrvatwna aboat the cackt 
beba^ior aa wtll aa ike data shatint bcka¥ior of tkc tractt 
from Cbea« eveal cooaLk Tbe loost obviout fratBre of ibt 
aambart for tbe Di*%ffB eoanjltaey ■cbemeu tbe hish rate 
of daU read miiacs (4.11.7, of all rcfcfences), iftdieaiias a bieb 
pcaaJi/ for allowing a block to ratide i« no more ihan on* 
cacke at a lima. Th« Din, SB numbcii alto tkew « low rtit 
of data wriic misMa (0.1 r% of all rcfeicacci}. whleb impliet 
ibai iDOfi dAU writes ecmi qr blpcks wbich ht«e fitsi beeo 



bfoaikt Into xhe *i* retd initict.* riiikttmoif. .i 
■laalljr ibc caac mat ao other preecta accn><-f iSot« blocti 
batwccB Ik* read immtdiatdy prvecdiac a wiiie aad tbe wnt<p 
iu«U. nac* iki* ulttaitoa «<«ald tt«nU ia a «m* mitt <ar ike 
t>«>|JV9 •ckema. Tbe Otr«A roaiwt«ncy t«ch«iqae. oa tbr 
etbai hand, tbowe a macb amaller rate of read miiact t0.637;i 
tbao Di>|.Vft. iOeatratifif ibat meet of tbe miuM lacvtred la 
DitxSB were caatcd by read thariaf amen( mulitpie pro- 
cmct. 

The fact ihal iba refereace raica lor the tVTI maibod 
iDaicb Ihoae of DifB brinKi «p aa tatstmiai peiau A 
ucb« coaiittcBcy pretoool can bt iboagbt of at betof madt 
«p-ef-iwo pant: a tpcciAcaiioa of tke ttau cN&RS»-o{-tbr^ 
dAU io tbe cacbcs |e.|., when U data brou|bt iato the cache. 
iRTaltdaied) aad the protocol which ti vted to aceompUib 
that ipcciftcation (e.g.. write^throagb witb but taoopinc ctn- 
tttliied dircctorr). The hequency with which rtcb of the 
*v«att tilled in Tablt 4 oecnrt dcpcndi only an the tiai* 
chanst ipecillcaiton, not on the tntthod eted to i.-nplttnent 
iL Sittce Dir^B aad ^VTl both rely on ihc tame batic data 
ttala<baoge model of aOewin|m«ltiplccack*d coptea of clean 
bloeki bai only a riitgle copy of dirty Uecka. ibeii event frt- 
qtteRcica ate identical. (Rowever. tbey dodtitet ta that Dif%B 
aJlowt maia ncmory block* to bteeme ttal* with rctp«ct to 
cache blackt. Thtt dititnctien aad the dUTereBC* in coti auo* 
dated with tome cvenis accounu tor their ditpariiy in perfat- 
naace.) This batic luta-chaoge model \$ k.lie Covod ia eomo 
other coaiiitvaey ichcmea (Tj and tbe cvcot freqveodce br 
Dir^B aad WTl are valid for tbne aa wtlL 

Tbe DragOB cowittcacy mechaobm diff«n from tbe otb* 
en ia Table 4 bccante it it aa Qpd4te protocol latbtr than 
an invatidatioB protocol. For thit reason tbe mitt rates are 
very small ta an laftnite cache: o6ce a block is l&adid iaio a 
cache, it rtmaint there forever. Tb* most tmpotuat cvenu 
for Dragoa ira not cache miste*. bat rather write hita that 
caoi* a bat tranaacttoa. The nambert ia the table indicate 
that rootbly ene-tiatb of all wriici require a bos broadcast 
to pciCotm a writs update. 

Vtcwiag the ivcnt fiiquendct in abiolate terms (rather 
thae ia tdattoa to Ibe frcqacorics in other tchcmet) can pro- 
vide tome iatighl into the amount of overhead generated bjr 
eafercifig cache eofttlHeacy in a mulUprocvtaor. On* sim- 
ple metric of this overhead (for aa Invalidaiion protocol) it 
tbe increase in ih* cache miss rate doe to the iavatidatione 

iiig' tafiaiU cacbca, tb* mU» rstcs in Table Vatifaa upper ~ 
bosnd on th« kmoont br which the mitt rate of a Unite- 
tited cache will iocreaae.* From Table 4 wt eaa compvie 
the cempoBCRi of the miu nic dac to ineaCdati«Bi etinrd 
by cache eohereBcy. Beeaute there are ao invalidalieat io 
the Drtgoa tchcme. lit mitt rate b the native mUs rti* for 
these traces. From Table i, the data component of the na* 
tive mist rale is 0.72%. Thefefote. the difference between 
the Dir^B dau mtas rat* and the native data miia rat* it 
1.13 -0.T3 w 0.419» which b the misa rate compoaeat doe to 
cache cohercDCjr. Coasitiency-relatcd mtiMt ikerefere cam* 
prite 0.41/1.13 o 38% of the letai miu fate. 

In ianlidittoR Khcmctlike DirmD. a wmr to a preriootly 

* AcCttacs lo lack vanabica • m awvcoaefttl !»•■ frtlttf**^! ky a t<!»» 
•nd tct in Ike ttft>Mkd-*^t'i:-Mi ptimitlve • «/e an f esmpto. 

*Tk« cohtr«ncy>rfl«t*d mi«Mi «il} b* h«*r m * rMti*>ihrd 
ce^hc t«cauBi lame of the black* iha« wawld b* «i«*lMlM*d id 
•nfortc conrikiency bi tn Inftnltf cache haw *4rt»df betn pargtd 
in k bniie cschc due to Cache iaurtcrence. 
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Figure 1: Number of cschei in which a block muu be 
invAlid&ud on a write to • prcvioutly-clean block. 



cItAn btock Dui InvUidaU ih^t blod: ia kJl oibtr c^chu thAi 
b«*c a copf. Tlib the ckM9 for two «vf nu in TaUc 4: «m. 
6tt.dn ^nd «Mtt-clik Figort 1 ibow« the hUisgraia o( itc 
nuabcr oC other Cftcho ihei coatftiB ^ prcrioeiljfckte block 
wb«o li U wrfttea (L^ wbta eve of ibc ftbovt l«o cvceia 
eecurt). Tbb evmbet b e^oil to ibe atiinber of ttcbe* io 
which dean block muii be iavUid&tcd wKcs It Ib writtcA. 
The figare thaws thai cn Avsrage, over of tb« writes to 
prevtoBily'dcAix bloeki came b^^tdationi io bd mote than 
eas cache.' ThU poiata oat ihg ibdAdcDCjr la uiisg a boa 
bfoadeast to accenplUh the bvalidatloa opera ttoa, aad 
gesu •ome poulble tahanccmcnu w ditectotybaacd coaaia- 
icacy whcroca which wQI bo dbeaaai.'d abort]/. 

Figuta 3 ihowt the awtas" aamb«r of but cfdca per icfer* 
«nce, calculated aa detcrib«d ia Sectloa 4. Th« two rodpoinit 
of tach bar leptcsent the peifotmaitcc ol the pipelieed and 
ooa-pipcltned bsics. The pcrformatice of DinB appioachu 
ihti el the Dragon tehame for thb metric Not larprUiBtlr, 

. . J^«>;»'?^l'»*»^ WTI ate rnoch>wgn«,tL;;»:i;kVo£i*a<l=T^r».eon.'' 
Aa ebtcrVtd ia |)), Dta'ioa thow» the best pctlbrmaace be- 
caeae the cott of a write opdate ft aiaumed to be modi lower 
thaa the co«t of an inviildalioa aad a aafaacqoeai miw. Fig* 
ate ) thowi the average Bomber of hui cydea per rifeicacc for 

• thi tndivtdoal trace*. The oombcta (or th« POPS «nd TBOR 
traca arc timDar, whfle thoae Cor TZKO are moch imaUcr. 
The chid rcaaoa la that the (ractlon of rcfereaea to thared 
bUicht io TtKO it moeh amatlcr than in POPS aad TIIOR. 
Aaothcf obKfvatloa la that the Nlati«e pcrfermaacc of the 
four ichemca doa aet depcad atreajly oa ihc lephtaticaiioa 
or the biia. For the remainder of Ihc paper we will focvt on 
xht pipelined boi for brevity. 

TaWe i abowa the breakdown bp epcralioa of the average 

iiombcr of boa cvclca per reference. DiftB it thown to uc 

•The Munb«r of tunt» Umi invklidali'ora »ccur in no move than 
•n* cMkr. compwtad m a rraction of aU ref c/enccfl thai mar rrature 
i««aii4*tMrw. b even laffar. Soch refcra»e«t. in addition le »ri%o 
thai ocotf !• p«r.io«.^r'd•M% bleckt. Indwdt reed/.ritt miiaci 
ta btecka dirtf in anethv cacbt («ia.|(b.<rtv. wm.itt.rfrl.l. wiuth 
vM)utrt eiactlf one invaDdaiion. 
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Figure 2: RAogc of bus cycle requirements (average). 
Tbe low v&lue of each bar corrcspoods to the pipdiscd 
bus aod high value to tbe Ron*pipeUoed bui. 
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Figure 3: lUnge of bus cycle requirements for the in* 
dividual traces. The low value of each bar corresponds 
lo the pipelined bus and high value to the non-pipelined 
bus. 
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cotM of tcfcie&cc* wlucb iht bii« imprn Dttfos nor* 
i«vtt«l]r, u pAiftted out ib StetioB S.l. 

Ai M totcrc*t»g &iide. the Dirt B cvcol CrcqacDda cm be 
fifed to C3tim»i« ibe p«rforn«sc« o( tbt BcrkcJ«x 0«»ocftbip 
protocol p) br modUyiftC lh« DiuB mi nedcL Tbt cett 
oiodeU »tc dilYettal bcc&a*c i)ir»S bu to piobe tbe ditceior/ 
to ficid eal wbtibcr ii tte«di to do %b iftviJUd»ic« wkilt ib« 
Bcrkcky scbceoc 5«t« thli uCorm^tioa inm Ibt •t4l* of ibc 
block k tbc CMbc.* The coitt nedcl for the Bcikcltr acbtm* 
it tbos derived (torn tbe DiVo^ acbcmc by tririillr letiing 
the dttcctory ^cecM <o«i to 0 bvi cjcla. Witb tbU model, 
tbt BttAbcr of biu crcIa.eoQnimed.by.-M 4r«tU* tcfett&ee. 
to ib* Betfcrtcy tcbeme u 0.0409. ptMsag it roashiy midw»jr 
betwMft ib« Di*tB fcftd DtiigoB 



Table 5: Breakdown of bui cycles for tbe pipeUocd bus. 
The eaiejory "wt or wup* auods for wrile-ibrough io the 
WTI tcbeme and write update in tbe Dragoo scbemc. 
Hou that directory aeeufca can alway* be overlapped 
witb memory accesses t& Dirt NB. 



1 Access 
1 Type 


Schemes |1 




WTi 




Dranoa |) 


i mem ixcest 


- ciiYj- 




0.01 » 


~'o.0t60 


S writeback 


0.0190 




0.019 S 




H iovalldAte 


o.osas 




O.OOBI 




1 Wt 01 wup 








0.01T6 1 


fl dlraccesi 






0.0041 




\ comnUtire 




0.UO4 


0.0491 





Tbe data io Table 5 b tbowo frapbicaUy is Flgere 4. Tbe 
fis«r« depieU tbe bicakdowa e( tbc bos cydcs u a fraetioa 
of tbe loul Bomber of b«e cydn uaed by eaeb cebeme. Ugb- 
litbiiBg tbe TeUtivetmpottADce of v»riotts eveaU. la DiVi NS. 
lot ififUBce, the bigb isit« rate ob deaa blocks makes the 
Bomber of bus cycles tptat ob lor&lidi.ttoai ud wHte-backs 
snuJl compared to tbe a ember of nemory accesses Kot sur* 
prbia^ty, most of the bos lordes coasomed ie WTI are doe to 
tbe wiiie>tbreagb cache policy. Tlte Drssoa scbcne spUts its 
boa cydee eye&ly betvccn loadiai ep each cacbe «ilb data 
I . kitd vriag the b«e oa write bit* to beep that dau coB^teak 
■.A^*««.r'3s:w|-.w.;»,^.^ ~^^'tik~ns,^ «, ihe B«mb«r ()f cydes oe«d'for dit«etery »cces»«e-~ 

I that c&BBot be erctUppc^, with memory aeeesMo it tmall rel- 
ative to the total. Dombet: of cycles. TbU tcsolt dialaiikes 

Iprevbos cooctros that the directory itscU coold be a major 
perfotmaeee botOeacck. lo fact, the required dircetoiy baad* 
i width b oaly sUgbtly higher tbaa tbt basdwidib to memory. 

! TccbDiqucs osed to iaetcAje available ncmory baodwidlbt 

i such M dbtiibuiiag memory with tho ladivldssl precesaon» 

( c&s be appHed to the dlrenery aa wdl. Tbc Cractioa of cyda 

I spcDt OB iavaiidatloBS b low, which Implies that Ucxeasiag 

lUs coJt by a. smaB Iact<»r wQl cauM a relatlvdy small ia- 
creait ia the total nombes of bos cyda oscd by DiroB* Thb 
J rcsolt tsdieates thai iavvlidstisg data io caches scqaeatislly 

I (ratkcf than oaing a boa broadcast) may be viabW wilhoot 

' aavertly degradifig perfermanee. Thb eaa« wUl be evatoated 



The dat* ta Ta*' S caa be died to deteimtne the ivtun 
perfermaRcc ia a rcd>bui cavtroamcai. Titc nombet ei 
bet cydcs cstianmrd by • tcfetcBce ia the bnt tcbcme wii^ ^ 
icpKitticated bos b about 0.03 on avcta|i. (a ethtr words, a 
proceaaor wiU qm a but cydc evet y 30 leCercecea. or a has cy- 
de every is iastruciioas «i«cr oa avrracc cscb taatrociiea la 
the traces makco oac data rcfcrcoci. (Wt aaaofne iastroctioB 
mitaes do aot cause bos traaaacltoaa.) K )Q.U IPS preccsMr 
wdl thcf cfere leqnire a baa cycle every UOOaa. aad a bos with 
4 cyde time of lOOna wJl oaly yidd a macimure pe rformaoce 
of 19 cffcctiTe proecMora. Tbia Gout b aa optimistic opptr 
boQod becaoH we have aot iadttdcd tbt baadwidth rcq«bo» 
meata of tnstractiea miascs, the effects o( Kaite dau caches. 
or.thc.efTects.ef.bos coBication. .... 




DUqB 



Disgm 



*Thi Bvkdty tdicme. in addilien. wac« a different •uaa far * 
dlnjr block that b««tnc> thartd ts mabl* th* eadit Is aopplr • 
block rather than memory. Thia eptlmisAttea dot* i 
pcrfarmanca matrie la tb« |»pcUntd bus. 



Figure 4: Bus cycle breakdown in the various schemes as 
.a. firacti|OB e5,-the^*.9tal iBuirij^jiOf bus cycles ttsrd>.t|i':the 
scheme: The code dtp b*^ditectmy access. in« b iD\i]i- 
date. wh b write-back, memoce b memory access, tvf b 
write through, and wop Is write update. 



5.1 System Performance 

Totd system pcrlbmaoct caaaet be ditermifted from the bos 
cydcs metrkaleat. A better metric for ibia poipoM b aver- 
ago memory access time aa aeea by each proetseor, hot this 
metric requires maay aaaumptioaa about tbe implemeataiioa 
of the •memory hierarchy. Regardless of the memory system 
detaUs, It b clear that tbc addiiiood waJiiog time bryood the 
aomber of has cydrs for a tefcieoce u aeea by the processor 
will be at least oae bus cyde time. This addittonal *bos cy* 
d«* is Bsed for ioitial cache access, ptopagatiea dday throufb 
tbe bus coatroller. aad bus arbttratioB. Figuie S shows tbe 
■avtrage eumber of but cycles per bus trsBiaetioa for each of 
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I 



III, Uhtmr*. ••er»t« Dr»|Oft t 

lAt ptfloiw»Mt ot the Ditso* Kh...« -lU be motr 
•ei.^.i.ir to ch4opoi »K« co»i br • coMURi .»lu«. Co."- 
awroilv (or ibe mein* oC »»«tn% m«»ory »»«»•»• 
ihe proeewci. would «»pcei Oi»t«» *" 

E*eB ■•ins ^b* but eycl« m«ine «»t cm |«t »o We» of 
the f fleet o( addies » tmUl CMittioi Bvmbcr of boi cydct 
10 i6c coil modcb. If g bu* cycle, att addid lo tbt coit of 
ckcb bo» tfftHiACtion, iht performance tor Drfttoo U tUto b* 
O.033S O.M06fl oad the p«r(orin«,tice for Di^tB 1% |\»ea by 
0 0 491 -fCDlUfl bne cycle* per reference For example, *itb 
S Oi'9B Rwd» t^iU' mor? b«i erc»«« ibui Dtaioa. 

5.2 Impact of Spin Locks on Cache Con- 
sistency Performance 

Spin lock reada. leverdy dcft»di! ih« performance of ihe 
OinKS •ebemt m mti««rtd by c*f b»i eyelea meltie. The 
BumbOT ot bva c^cSeo In Pht NB U om * factor ot «lm siealei 
than the oumbet oatd by DifB, A» tttntioBtd earlier oao- 
third of the leada In POPS aad TBOR we dvo io ipioa o« 
a locL Bccaute two preceaaci ofien apin on tb« eamo lock, 
iBcb fieqocptly bounce bad: and forth between two caches 
in the DiT%ffB ichemt. To vitlfy thii phenomenon, we r%n a 
ftti ofexperlmeBU cxdndlng all the tctti on locks In the ihrct 
tracea. At expectid Di^oB |ave the aame perfsnnnact as be- 
fore, whUc ihtt pcrfornwnce of Dtt i ^^fi improved elfnUlcnnily 
(teom 0.n io0.l3 bot cydca per refetence). 

The Impaei of epSn bcking ob tbn perfbianaet of iht 
HiittHB acheme U aleo loiorcftinjt In anothet tt|ht. Software 
cadie coaaiitcncy ■cbcmcs that tiuth a cilUca) tcctlon from 
the cache tiler each nte will behave Uke the DirxNB icheme. 
For tcaMnablc performance* tbeac schemea mnat iakc apcdd 
cue In hnadUiis locks. 



6 Directory Scheme Alternatives 
for Scalability 

Thc oeed to perform f«n btoadcuu Umiii.ihc potential to 
^V--'*'.rr :--»caI c a . m vl li p roc^^»er_ lo i» ; U t bcTa oc)l><^6f ptoeeeio r^* * To^"™" 
obviktt (hQ broadeaaU. pdater* to all cachet costaining a 
block cao be maintained In th« ^irtc\oiy {Dir^HB (9] ). Is 
thii echeme» •c^oeniial invaUdationi are aesl to each of the 
caches d moled by the point ett in el cad of b ting a fuJl broad- 
caiL Wff rvElualcd this ichemc aaevming th»t each iavali* 
daiiea eontomct one bui cyclo. The nsmbcf of but cydes 
per tefcrepce for a pipelined boj tacrtaaes from 0.0491 In tbt 
fttll bro4deut case (PireB) to 0.&499 in the •eqnenlial bvd- 
idatc cue <i>ir«A'4). Tke performance degradation is small 
becasie ofion no more Ua« one innJidation Is necessary.* 

AUhoogh the tcqacntUI tnenlidntion scheme has compan* 
ble pcrCormance to the broadcnsi ichtm*, the directory tire 
increases in proportion to the nooibet of procetiors. The next 
tehemc that we discnsi capitallsei on the observation that a 
tingle invalidation rc^tiesl io the moat common eaae. The 
directory maintains csnetly one |»otftter and a broadcast bit 

»Nott ihM o«ir da&a wm ebitioud from a machine »Uh onlr 
ir proccMora. Ue u% liylag to obtain iracei for a modi larger 
fitunber of pmcasei and hope to esicnd oar rcenlti Bharttv. 
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Figure 5: Averago bus cycks pet bus trsnsnction m vnr- 
leus schemes. 



per block [D'%T\ 0). If more than one cache has a block the 
broadieast bit is let. When the directory is qeeried. a tln> 
gle Invalidation request li issued if the broadcast bit b dean 
etherwiae, the iovaiidation muit be bteadeast. While U is 
kard to qnaotiie the exact effects ot broadcasts, the follow- 
ing simple model can help indicate the pcrfoi manee of eveb 
* aekcBe. Suppoot that n single invalidniioa takes one bus 
eyde as ntual* and thai a broadcast uses h cycles. With this 
•imple raoddi Ihia directory scheme requires O.D4U40.0006h 
cydes per memory reference. Tl)is icheme can be extended 
to use i pointers (i > 1) and n broadcnil bit {DitiB), Tlie 
broadcast requirement can be eUmioatcd if the number of aj> 
towetl copio of a block U restricted to i as in the scherae 
denoted DiuffB. This acheme trades off a slightly increased 
miu tale for avoiding broadcasts altogether. 

Wc can also use /imtled ^oo^cdjIs if the etches where block 
copies exist ate kAOwa. The number of bits in the main mem- 
ory directory can be reduced by storing a limple code repr»> 
.^•enU^ng a set of curhu, u a ««p«n«t «.f &lljc*c!iMwhV. i,, 

~-»p>"ortbe block, for exampU, consider storiaB a woed tvfih 
'4 digits where each digit Ukee on one of three vnlutt: 0,1. 
end imth. If «acK digit in ibe word is either a 0 or a I. then 
the word b the laden to exactly one cache tit the tysicm. If 
any digit b ceded »ofh, then the word denotes caches whose 
Indices may cither be a 0 or a > in that digit, but match the 
rest of the word. 11 i digits are coded Icth, then 7^ caches 
arc denoted. In Uke manner, we can code a set of cachet thai 
indttdee lU block copies. Eaeh digit ean be coded in 3 btu. 
thus leqoiring l(e9(n) bits In a system with a emehet. 

As the above examples show, » dais of directory scheme* 
exiit thet can trade oR a small amount of performance for 
scalability and case of implementation. An accurate evst«. 
atiea of the Iradeefls wUl require traces from a moch Urgrr 
nuinher of proceuets. 



hope to esicnd our reeults shartty. 
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7 Conclusions 

Thi* P*9*^ ^^^^ (Jitectory-Uud cube coniUifOcy 

^•mn M «B iBierminc fcppretch pTDViding ihkttd 
mttnbtY in a Ur|^«cUt maUipioceuoi. Tb« dltictety umc* 
la/t rimovc* iKt m&jor GmiuiioA of t&oopr-cKbc iclicmn - 
ih« ff*Hue« Oft bcoA^cuti - vh3« prandinK ilmtiar cJ&dtftCjr 
jp b&edUftc ihAicd rtfcKDCca. Tbc budwidib tt^virtratnt 
to ib« direcioty. looj citaiidrtcd a poicoiikl botUeaetk, U 
«be^ to b« net mticb mote Mtttt tbui tbi memory b&od- 
wtdlb need. Tba buic bAodwidib UmkuUoD lo (be memoir 
•od (b« difeetory c&o be mUi(»ted by dislribtt\ift| ibtm oB 
the precvMOr be&e^t. Tl.ie lacbBtqa* allows ibc bftodwidtb la 
boib ibc memory *od ibe dirtctory to •€»!• *^tb %b« n«mb*c 
oC proce»<ort» 

We cvUoAicd ibe petCeimfcaee oC direetety ecbemc* in » 
kfnUl-«c»l« mttltiproettner taviro&mcBt tttinc true driven 
tiisulktipa. Tba p*Kotm»DC« of the ditectoty protocob ii 
»e»*«o*bl7 compeiUWe to ibe ineepy <»eb« Kbemte. In »d- 
ditioo ilt titnnUiton* ihow tb^i most blocks tb«t etc written 
into Are pietcoi in only im&ll oaraber at olbci ucbte*. wMcb 
mibee bioAdcul inviUiUte* iaefficieou TKii lesaU ioue>u 
tbftt n directory ettacfAie ibni etoie* wiib »cb block only 
a mail namber of pointere to ctcbtf coauining tbe block b 
taffldeai. U tbU dau holds (oi large-tcalo maUiptoceiMn. 
diicctoriea will pie«ide an cffidcat meibod of implemtatiai 
ibaied memory. 
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BUS SUP P 0 R t S 




David HAViir. natiOnai i«micom 
Calm. 




muscle CO match tlie speed of che next generation of 32-bit systenu is about to bow. Now being 
balloted by che IHEE, che proposed P896 Fucurebus+ scandard promises a maximum daca- 
tnnsfer nte of better than )0 million cransfen/s, a ?00 percent improvement over current 52* 
bic buses. WhacV. more. Fururebus4- will be extendable to 256 bits. 

The new bus will offers lot to system designers. lu extremely high daca-cransfer rate makes it 
attractive for high-performance 1/0 operations, such as FDDI or high-resolution gnphio. The 
fine task ^heduling provided by the arbitration protocol is a requirement for real-time system^. 
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puatof. tnd «plii>ir«fvu<:tion t ^ft 
ftllo* the dm$n of ffTicienc muliip'^ 
ceiling tyitvm*. Tbc wandtrd hu f t«cr- 
MCd tiifuncAiit ccchoeloficft} »dvtnct« 
ihrDggheus io loo| dit tUf u m nt. Mut- 
iny 10 ytiAifO u th* ori|io*i Futoif 
bitf . T^cac tncJwd* cb* cmiton of Btck* 
plwi* TfuKtivvf t^S« CO boosr b«tf 
peHormincc. (he dmlopmcnt of high- 
pcrfoRBiACC urocHrofMui tnd lourtr- 
lynchroMuf d*c»*inAi(cr pratocoU. ind 
the rermutstion of • uAiGcd tkrary of 
nche cohemicf. Ii n ciifientlf being 
txMmintd with gmt tntcrni bf iht uKf 
rorofnunitr •* » bcjroftd the <uirent 
g«ntnttoo of S2-bit TTV tdAduds. «uch 
u the vMtb«tf and Multibus II. Ai it hu 
Ihc pouibiUty of becoming t univtrul 
ttaodttd bus. ii da*rvn dote coMider- 
uioa by inrom deiigftiog a UekpUne* 

The pcrform«Ace of Futurtbut* no 
be cspccted lo fiom tyitem lo »jr»- 
ttm. dipeodini Urgclf on the dsn- 
tciMfcr mode luppoRcd. The wyiichi^ 
aoitt* Aill-handihake mndc (lioiilu tp 
ihu of the old FuruRbw) usct bunt 
crmntfcfi wd CAA be olivet vd CO peiJi 
between 20 million wd 25 million 
tnntrriWt. A new louicc-rirMKcenoM 
node ihould opetacc st cr*er 50 million 
cruufcn/s with tbc Qtxc geoeniioft of 
ulicoo fupporc. Becauic Funirtbuf4' 
luppora du*«p«th widihi of 52. 64, 
138, and 2)6 bin. » nw dac»*tnnifer 
(*«t of l.6obrtt«/t 11 conccivftbl*. Evtn 
« 32 bitt. the 200-Ht>ric/t •oofce'cnn*- 
fet rue it fWt ttfno chc pc«k of vMlbui or 
Mttliibiti II. 

l}it origtnJ Fucurebui itindtrd wu 
detignrd bf ■ imill gr«>jp of dedicated 
»iiioruxi« wichour rna^f corpor»r« 
**' l^clti ngT'TS^'^ Pe9&*Umm ilireV formed' 
by the llll in 19T9. wsined co cmic » 
tingle induscfy-icand»rd 52>bii b«i (or 
mulciproceuing lyicemt . By the ctmc 
the tciftdtrd wu apptovf d by che lUZ ia 
1987. though, the iD>iuiirydr«ignfd 
VMl and Multibus II bvM had drndr 
ncabliihcd a Hrm hold in the markec- 
ptKe. 

At the tame time, che pcffbrmance of 
these buses was being luefchnl to the 
limit by (he new gcnei-stitm of cache- 
based icduced*inMrMciion*sei proccs- 
ton. So, rather than liik obsolescence, 
the manufarcurers of eiiuing 52-bit tyt- 
rema looked for a new ptacform upeo 
which to develop tpplicalioiu. Foture* 
bus wu the only hi|h.p<:rforinance itan- 
dsrd ihat could be reris-d and eitrndcd 
to meet the latest lyitem requircmenta. 
That's brcaiuft there Is no Urge h*se of 
products already designed to the Fviure • 



•a Asm 



. ItAD 

iKmvDmoN 



8«0ADCAfT 



Caoa* 



bus itiAdard, aad ia ipco are Mill 
pliable. 

Tht dctigoctt of the original Future- 
bus had already anticipated many of the 
eitCAiiofV. iBCh u faster dau transfer 
and che caching protocol, and so the 
proccu of rrrising the standard went 



STAXDMD HAS fiENERATEO 
SIGNIFICANT nCHXOLOfilCAl 
ADVANCES THROUfiMOITT (TS 
L0N6 OEVaOPMENT 



fairly quickly. A number of the changes, 
howenr. were incompatible with the 
1987 venioft. and so ihc new F896 scan- 
dud vai miasned Fucurcbus'^. Gir- 
lencly in ballot are documents covering 
the mKhanical. elcctricit, arbitration, 
daia-crantfer. and bus-nunagemem lay. 
cn of the epccincatioa. aa well «• >Y>t. 
caching and mcsttge*pauifig protocols. 



Eapecttd co fellow in ahorc ofdef are 

documents on the use of Fuiurrbus 4> ia 
re«l-timt a#id high-availabtliry lysteins 
and theie that detcn'be ipeeiat reqwire- 
menis for industrial and milinry opctot- 
ing eovtronmcnta. Standard bridges are 
alio being specified to VMlbus aad MuU 
tibui 11. 

•»?«-'*bu; Si; ^bem.-er.;^'*'^.. 
«endori of cmiaring 52-bii busci. iiKlwd^ 
iog the VHt Intrraational Trade Asaoci- 
arion and che Muttthua MtaufacTurer'a 
Croup, ti also hu beta icIcRcd by the 
U.$. Navy aa one of che standards for 
future computrr contracts. 

The high speed of Furuiebus h due 
CO backplane transceiver logic, which 
vu first produced by Nat leoal Senitcon* 
ductor in 1984. m wai drtignc^ spt> 
cifically to drive backptane tnnsmtsiioo 
lines and prtividea ihe ftstfu pouible 
bus interface io a CMOS or m, environ- 
ment. Its charentftstia are the fouada- 
cien upon which the Piiturcbus^ pioce- 
col mil. 

m drrices use epcfi-cellcccor driven 
with an output capaciuaci of only S pF 
<pe«iible because the drive transiiror is 
isolated from the bus by a scries Schottky . 
t*iadr>. TMi allow; ch2 rosribiud 
nector. trace, and package capacitaact co 
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ht timind CO 10 pf fci ocfi lloi-, iMir 
tos ch« isptdmcc of rtv bickpUac. ^ . 
alt^cftntn •ith • rrduccd ii|&iJ ttrief 
d oolf 1 V tad • prmaciy ijpfoznlltd 
tvitchias thmlioid ti r. Tht i»> 
■all b thAt cb« b«kpUa» aa b» pnptrfy 
cmiaMtd tf is f»lif ^oadtd imptd- 

daalf f«lccb tti« bu» lifBtlt vhb Mif 
50 mA ef dim cuifoo- 

Vith thii ifitcfte ncheolDfy. » bu* 
6^gmi cut fumnm ihu • ligMl wlU 

cet««r eo ihc b^kplaM eo chi inciidcfit 
ctfff of iht proptgatiot wcfnnt. A 

m bia Mm lui CO WliC fet ftflMCtOM 

CO wtrit before iigcuk oa be suopM. 
This tllovi Punurbos to iaplemctii 
aucb AOft cffkitttt and bigh-pcrfof> 
fBABCc ditt-crmAsfcT piorocob. tha& uif 
TTL-burd compericor. 

Tb» racuitbui ipec nrrAitljr vofka 
out fto Arbicncioo pcocedun; desig ocd 
CO opttmitt ibo ichtdullaf of rtqimio 
£rom nullJpIt BodoJet ami to prrrrat 
Bovo OiM OBO aodttlo fron cryioi to 
moafcr dm m tht boa oc tbt aaac 
lint. Pvtunbtts4 pfOTid«t a Urge 
Duabcr of priority ImU fcf accuntt 
ml*«imt cuk acbHuliog, at wtU at o 
fatrocu pfotocol chat allovi aa cvte 
alleeirioa of bui basdvidth lo nolcl* 
pit aodttJa. Tbt a/bicrtrioo cak«t 
placo oo ica owo iodtpcodroc mt of 
lioca in parallel vicb craaifen oo iht 
daca btta. Tb« Focvrtboi itibitracioB 
mccbaftitm previdci a ouabtr of ocbcr 
ftcilittta, ioclttdiog error dtctctioo 
aad reco^rfy, parkiog, bus-ouiter 
tdeoiifieatloo, cacrgcsqr mttugttt 
•ad a Uvt iAMftiBn-aad-^'itbdnvml 
. toe<hAa2iar:fbr b««^'^rrptaccQ>e£s 'to*r 
bigb>ivaU«bilit]r iftttma. 

A ttai-ttiM lyiccfs rrquins cbac cuk 
prioriiica be aaiigoed accunicclf. Tliia 
guanaceea cbt dcadllMs of pmodte tyv 
cecD caakB, dccimes chc reapeeie lateoej 
of cbt inttm CO affocbnauut rvtoo, 
aftd casucB chat critical tatJa viU bo 
cecDplcced fvca itadcr bcavr fvum 
loadj. Ib otdtf to a£hitft a lilgb dcgfct 
of calk ichtduliog, Pocuivlsia^ pr^ 
vtdtt op f 0 B bia (2)6 leveli) of priority, 
vhleb caa b« anigoed dytuateaUy to all 
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M MBinUTION PMCCOURC 



OCSI6HE0TOOFni!IZE 
REQUEST SCHEDUUNG 
FROM MUITIPLI MOOUIES 



ula wick lov prioritT may bt cemplcceljr 
abut out during perioda of hnrf bui 
uMge. Ho««m, tbe drnaak slloutioa 
apibility makca it pouibte n increaat 
the prioriqr of • long*«aittag caik. 

to oieil liBt-ibarinf BUlciproecaaing 
apcettl, ibeugh. pioew*o« o«d ap. 
praaimactlj equal aecca co cbt bui. If • 
luk bai btCB divided aaoag a oumber of 
pfoccaon. cbt opciaiim peffbemaact 
ranilia vbta aU ^ utetka art coid- 
plettd at raugbly tfai n»c cisc. Futuf«« 
bua^ pfovidca o louod-iobtB laincu 



p -nr lewt. Rcqwaia tor cht ipm 
I A mb Wvct an ttrviccd ia cht order 
of tht compttifig modtik'f uaiqut id 
Md, cypiolly faned oo itoe poeitioa. 
Tht iwad«fobto bit to ate accMdlag ce 
cbt ID of ibt BStt nctu aibicntioa 
viaaer aad ai i m lo keep each ftqtme* 
ing fsoduk'a place la cbt circular qucut. 
Tbb icheot gvanatcti cmy laodult a 
<tir liict of tht ewffttJI bin baadtridtb. 

A Ptttufvbqa^ afbttnrioa ottiabtf 
cofuisti of thftf fieida. cbt O-bb prteriry 
field, tht \»hit fumoa field, aad the 
bti ID fieid. Becauae onlf 7 bio of cbt 
arbtcntioA nombtr caa be applitd to cht 
bui dufiag eadi competiiioB. i module 
ifflplcmcfiting lull reaJ-ciow priority 
rigfUBCoc ttcwda co via c«o afbiiniioo 
cycica bdore gaiaiag bua mairenhip. 
But ID a cypUtJ tDultiprocnaiag iptem 
«siog oaJy oo« oe rvo piioricy lc«tb, cht 
mote tigaifleaat 7 bici of the priority 
field are Os. Hcc«. cbe arbiincioe caa 
cDfliplctt ia a aiagic cycle lor cnaxtffluB 
ptrfiDmaacc. Bocb types of lysnm ire 
MJy lactfopcnbit tmder forarcbos^. 

Most rrcna ia o Fucuivbui^ tysceo 
tn ifgaalcd wieb a Tiiiual iattmipc 
iB t d ia a iam. i«quirins dime acCDtca to 



la priority arbirncioe. die coapcting 
module «rtfb the highcu priority alwaya 
wifia, aad there ia oo llmirailOB ob cht 
frequcacy of biu rvqucua. Tboat nod* 
ula chat ait lubicct to ieali»ciiM coo* 
vcniats em be aiaigaed priorities based 
oo the maximum latetkclea tlicy caa tol* 
crui. The oaJy «!fovbeck is tliu aod- 

ft Hiea fiapaaiia»ca sritaiia 



AS- 



Al» 
CM- ' 

Of 



A$» 
AK«. 
Al* 
«• 

Sf 
AD* 

or ' 
0I» 



:7V 



, I I 1 



S5 



' s 

's 



ADOUUmOBI 



M • MASm - 

S • SlAVt 



rr ATvi 

AC»MU2tta>ATA 

Data arnoai 
Data/ 

Data Acmowyreci iwvmt 




863 FH PG 0580 



tpcciric memory locif lOM. There / « 
phytiesl «M*mtpt in • Fw. 

bui ^ backpUfM. M cb« irMmiioo pro- 
cocel U used to fill ihit ^tp. Arbitniioo 
memtli iptciti u^itneiea Aumbert 
ihu cia be ftcegftind by atif module ia 
the tyt uni cia be uied to brQA4cMt 
ioieimpo quicblfi witb»;i fin* obcmtn- 
lAf but mttienbip of dU<niibin| ixmk 
(en in pfotini. 

Hie ubicniien pmorol inelf it btst^ 
OA an MyncKrofiOiis thm^wirv hind- 
ih&ke. Thit but hindihikc controli tht 
luit machiivct withtn nch moduli u 
iher fc^ucei che but. perfsrm iht tctutl 
u^tfttien, check for crrof* ind ertit fot 
ih« cwrrttti bue maitcr to complete in 
tenure, end ifftfurrt owi»cnhip of the 
but. Atbtfrmiten peiformance depcttdi 
«o ihi modules ptfticiptting in ihc pio- 
rocol. but on irpicelly be eipKttd to 
i«A|e from IW m to JSC ni •»ith ew«t- 
inf ttchoelesir* 

0 Data Transfer 

EkH mraecfien on Futuitbuft^- coo-. 
liRS of t bioidcift cOAMCtion. or eddfcit 
iniufcr. fbllowod by ent of » wiffy of 
cypet of decs miuAr. end finally » bio*d> 
aet diKonnection. TV cunnection phue 
ia vttd CO fniunii iddraMi and com- 
Qiand» fiom the ma»cr it> the sUvo, to 
mum stano ID the mutcf firom the ibm. 
aad for til put icipeiiftg modoia to cfo^ 
tish their dusocruufet cifebtlitjn. Hwac 
modulo thu hm been f>:lecxed cin per- 
tictptce in che din-cmufcr htndihike. u 
OA tttf caching modute» ihu hm choun 
le^inafT (induce dan bicedait) of inter, 
venc. Tht dUceoneettoA phase U uMd to 
tfuufer infermuion only during spiic 
tnnucttons, when it provido the idtnticy 



There ere e number of rrMAfer op- 
ciotti thee inieiect dynuniolty. pro- 
viding « ttftMKtion Mi: that luppotts 
appticadont ringing from che most be- 
tic to a muUilevclKaching but hietat- 
cbx. Truufen typically involve only 
che muter end e sinile tUve. However, 
becauie Futufcbua^ «u detigncd to 
allow multiple moduli;* to maintain 
data coherence in tharc^-memory cnvi- 
ronmenia, the itandard alio providei 
ittppoh for broadcaai and inicnrention 
(Figure I). 

Tronaaction* alio mar be connected 
or tpUc. The more typical it iht con- 
nected tranaaccion in which alt data 
and ittiui trtformaiion iiaociatcd «ith 
that traniaccion are returned before the 
addreii handahake i« complete. A ipHi 
cnntaeeion, in cor.ciut. typicalt? con* 
•«tif «rf two trantfert te^ia rated in time. 
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TYvt firai tr*ufet, a request from the 
master to the ilave, may include write 
data. The second tranifer, generated by 
che I lave, may include read data. Be- 
cauie boib tranifert are required, the 
iplic-traotaction protocol ia moat ute- 
ful durinf «r«Btfar« »cro«> b«i> r*pMt« 
ers. where the daia-access time can be 
much greater than the arbitration and 
addreti'tranifcr overhead. 

The addrcsi/daca path on Fueutcbut 4- 
conaisn of )2 or 64 «ddrrti/daCB lines on 
a single connector, wich optional addi- 
tional linn to luppeif 128- or 2$<-b*t 
data piihi, and 8 uwr>definabti tag 
bin. Each byte of the addrcii^data high- 
way is piotmcd by a tingle odd parur 
bit. ilietc are alto an &-bic command 
field <Table I), ptocttied by parity, plua 



tht tutus line* and three capahtUra 
m (Table 2). 

Future^ 4> ptwidct e special «ci of 
commanda to tuppoet the higher kvH 
ciche cohcrrnce and tplit-trtfuaaioa 
pfocoeoli. as thevo to Table I. A systetb 
chat Aaincaift* the coherence of shared 
dass among multiple cDodwk* requires 
that the mascct let other taoopmg cacbo 
know if it iaccoda to keep a copy (ihm ) 
of the addressed dare or if ic wilt write 
(modify) it. Ukewtse* «he^«he? tsr!>?5- 
must pciform ccrrain aciiona if they aU 
Tvady have ahared or modified copies of 
ihst data. 

The Funutbui'S' dac»-trarufirr protocol 
uact aim synchrDninrioo lines. Three of 
these, the addnoa-haodthake lines, in 
used eo cscablish and 'bnak • cooneerioo 
between a martcr and one er meic ilavci. 
T)>e other three, che data-handshake litkcs, 
are used ce timsftf daa er pedcea be> 
fwees the master and cbotf tU««s that 
have esnbltshed the cenncciieo. to 
Funiiebus 4* , {nfeniiatiao isiB«Uy caas- 
fentd sriih every cfioaitioa of ihcN baad- 
shaJse lines. 

Single-slave crmBiaccieot involve 
only ewe modules and cbcrclbte have » 
che mote efficienc data handshake (Fig- 
ure 2). Howrvrr. if another slave has an 
active requcti for ihc dau being cnnt- 
fcrred--^ttch u « cache wish • pending 
re^uesr for that data— ic can inarf the 
transaction and turn ic inro a broad- 
caac. (n cither case, che directly ac- 
cessed slave may not have the motr 
recent copy of the data in a cache lys- 
tem. The eschr ihsc has modified the 
data intcrnaUy muii then intervene in 
the craof action, pcoviding the updat- 
ed data to the master and the telccted 
' (and anysnsfftftgy &Uvt. • - ' .>: '-- 

Futuivbua 4 alio haa two discina dacsr- 
transler modes: a ^liy hon^haken. ajyn- 
chfonpui compelled ccamfo and a high- 
ptifoiuunce, lource-tynchroncMa podcei 
rranifcT. 

The compelled daca-trsnsfer protocol 
uses an asynchfonous haikdshake. Informa- 
tion if transferred from the maatci ce che 
ilavc(s) b e ewe i n the traatitiee ef the data 
ttffoh* and che ivUiim of one of tht data- 
Kkfwwtedgc lines, tnlbematton passes 
from the ilavc(s> lo the master bcrwccil 
that fvleasc and the next dau-itrefae ican- 
tition. l>ie tniulct ipeed ia comrollid by 
all ihc pafticipacing pwties. and it's liintc- 
cd by the round-trip handshake time— 40 
na CO )0 ns. 

In the packet mode, the data hand- 
thake lurroundi the trtmftr of an en- 
tire packet cf dac«. sr.d mul«iptf pack- 
eta can be irantferred «n~V single 
transact ion (Figure 5). Each pKket is 

MiCM rsareatiAiica sritttts »1 
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•nntittttii i> t sclctfH rite. lyKhrv 
Aiacd 10 fhc Murcc of th« diia. T 
tfmfitmti riecfc ii tfflbcdM viihifi ih« 
4w OA • bit-bybif butt. Evrry pMkec 
cMiiiii • tr* bit. 8. 16. Jl. w U 
HMZ d»» •'^^ • ^« 
mufw t>M ^ lia* (wifiiul 
Btm. BfCitttt mf7 bit to iiiAimitccd 
iftdtpco^Mtlr. ib«f« It M <lork.fkrv 
timifti petulty. Tlw mttimum tnmr<r 
nit it probtblr by bsckpUn* 
phytkt tt iotfo^ 100 »*blTiAi. 

a Cache COHERENCE 

The Fntiinbut* ctcbc prot«oli ti- 
le* ibb »pc<wiiB*d mcmofy to petfonn 
iti thrtc mtin Ainctiora luiomstkttly 
wid xemplitilir tniuptreiu to (ht left* 
vuv. The fim fooettoa ii f«c»ii«rfi t 
miccopmtaof't lemirMdom irtdt anil 
vHin into rfficacnt bunt cnnifcn on 
tht but. Tht MCOfld ti to provide the 
miciopmtser «ith t fttt tectl window 
inio tht lytttm mrmory tptct. lite third 
U to provtdt the b*iit fot t multiproctti- 
tag tfchittctiiiv. 

The nnuREBUs-t- cache 

PROTOCOU AUOW THE 



SFECIU1ZE0 UEMORY TO 
PERFORM nSTHRECMiUN 



niHCTtONS AtfTQMJlTICIUiT 



suvt 

OK* 

D\* 
SOV€M 



~ 0 0 j I C fTI t C^f I 

ii 0 0 0 ojiMiiii rr " 



ntsT err is SYNOuomzATiOH 9m mt bit u rAarrr ur 



The oriBint) Futvrtbm c«:he cttk 
5fDup dffvrloptfd eh»^ f»»»-i t> i:t htO Ui ^ 

rominf from cht fivt intct-^Modilicd. 
Owned. Exctuiive. SKirad and Invalid. 
MOUl wu a tupefi«t of ill pirrieusJf 
known cacht<<ohtreAce lolutienj. thcte- 
.by allewing any combinttioa of eohtr* 
•ne* profocolt to ceemitt ia «ht tamt 
backplaitf. 

Howcwr, u the ondcncaiidiAi of 
cache protocol! improwd, H beeamt ap> 
pirvnt chit the comptrxiry irquired to 
tuppoft tht riv«>ittit MOBl model wu 
not iunifttd by tht muto in pttfor- 
'mtfict. So for Fttfuffbui 4- , the group 
lelceted t feut-ietre MUl copyNck pro- 
tocol that can be gcnanliitd foir caching 
over a hicnrcby of butct luing iplit 
• iranaactioni. Memory- and cache-agent 
pttn act II ftpetitn bttwctn procciien 
pa multiple buict accruing t tingle 



t p»i n ■iinrtariio ft moment »fc 
dKt nSL an tti cue* ii iiBMM b tirt *M « 
urc 4). every procetior-ctclit lint hu 
aaaociatrd with it one of foar Mttet; 
invalid (1): ihand unmodined (SU): es* 
ciusivt ttflmodified (EU); t^^ eieiutivt 
modified (EM), la order for t procctter 
to read dan out of in each*, the data 
must line be valid^in the &U, EU« ot 
EM iiate. If tht data it iavalid^iD the I 
ittit-^bt ache must read the correct 
dart from the but* For a procettor to 
write dara. tht cache must first etuurt 
that no other cache ha* a copy of it; io 
othct wordi, the cache mtut obtain an 
csc)uti«« copy of the dato— the EU oe 
EM itatci. Ooce ibc procntor hat nodi* 
lied data ia the cache-— to that it it ia (he 
EM icatr— the cache must intefvct>e or 
copy hmtk to provide the ryttcm with the 
coffvct data. 

A cache mutt modify its irate iaibf- 
naiion. or tags, in mporiat to internal* 



precetaar and tattnul-bvi acctttea, ac- 
cardiaf to a aei of rtilct dcacribed ia the 
tttndard. <Bttt re p eanrt have a 
ilighilf difTerent set of retpoiuibil- 
itict. alto detcribed). Aa aetioa by oat 
cache affiecu cvtfjr ether cacbt In lacb a 
way chat a ceatlttcae view efthaftd 
data it maintained. Futurebtia'f- pro- 
vtdri the trtnsacrion tet oecctsarf to 
implemeai this ihared*mcaery tytctiB 
ilBcitfltly. D 
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94 MiCM n iroaKAHci STttiHi 



pe«i9bk«iniCLs 
HtfetOittni 



863 FH PG 0582 



I 



A 50-ns 16-Mb DRAM with a 10-ns Data 

.RateLand-Oii--.ChipECC , - _ 

HOWARD L KALTER. union MtMBtm itee. CHARLES H. STAFFER, senior member, ieee. . 
JOHN E BARTH. iR-, JOHN DiLORENZO. CHARIXS E. DRAKE. JOHN A. FIFIELD. 
CORDON A, KELLEY. JR.. SCOTT C. LEWIS. WILLEM B. VAN DER HOEVEN. akd 
JAMES A. YANKOSKY 



Mctiai cs«* ItCCJ. •«Mi fwppoAJ tltkir 11/11 or U/tft KAS/CAS 

n. kt fMk«|Mf n « I Jklk » L «,Mb » «. K X l«-Mb K t ORAM, 
wd !• cftpttbb •f»fM>«t fail (Mft KMdt. niHc cvtsM BMdv. cr 
laoto md«. ipMtf f «tf BolHIlv cr* KMntd »7 • »lp«lla» la|aot and 
oMhlp SftAM** ihM bcfhr Nlln eeC •vr4». TW nt 

tad bit Om Is ci«)«BrilMi «»th iht CCC prvdom » troBiislk 



A euneiy description of this 16-Mb diip hss been 
pretuttcd previous^ {17). A more deuUed discussion 
ro»o«rs hero. The chip's features aRd special fUBcdons arc 
described lo Section H. The chip liyoui is given in SeoiOfl 

III. with sepmte subsections for array detigiw bit-line 
reduodoncy. word-Une Teduodancy, ECC circtjlts. SRAM 
buffer, and off-chip driven. The erfect of the ECC tod 
redundancy on yield and relubUity Is described in Section 

IV, while Section V dealt with the packages for this chip. 



I. iNTROC-wriON 

THE USE OF redundant circuits for increasing (he 
manufacturinir yield of inlegrsied*circuit memory 
chips «»as proposed as earty as IVftV t»y Chen (l1 and. 
subsequenity, by Ambi [2] Mtd Sctiusicr (31. The imple* 
mentation of rcdundsney lo lttrge*Mnlc Integrated circuit 
manufacturing hai beco reporced since 1979 (4H61. More 
recently, the use of error <oi'r«eiing codes (ECCs) hat 
beien investigated for the improvement of tnemory chip 
rei|abnity^H9]. The primary mniiwaiion for bujlding. 
-*-r.!*«.«j?SM. . . .. . : .■n;'2:.>tS2^p^pir^4uch- ci>lp«^w^^ tlteir.^minunJty ro -the so-catled "soft 

errors** that are caused by alpha panides. The use of 
on<hip ECC drcuiu for overcoming the scositlviiy to 
manufacturing defects and increasing the fabrication yield 
hat bees proposed by Yamadi. UOl Arzubi rr a/. (II L and 
Matumder{12|. 

The combined use of redundant circuits and ECC it 
implemented on the 16-Mb chip dcneribed here Accord- 
- ing to Stapper aod Lea. this combinaiiun leads to a 
(aull-tolerance synergism (13). As a rcMilt. the chip's fault 
tolerance (a/ exceeds the amount needed (or current 
wortd-cliss integrated circuit m^nufaciuring. Nevenhe* 
leu. becDuje of the iuuti tolerance, ihn; chip can be 
fabricated in eaisting integratiid circuii manufacturing (a* 
cititiBx II is made with a QS't^m CMOS process, using 
suicided polytltlcon. two levels of mctaJ. trench sio»5e 
capadiors (U], and shallow ucnch iifolaiion \ 16). 

Mflamcnpi rcccfHd Jam I. iwtt. 

TV aulfm art arfm llw IBM Uenenl t«chMili» OwmiMi. C*«ci 
Iwiman. VTUM53. 
itCE tof Nitoimr mt\rrhk 



IL Ckif Fcaturcs and Functions 

The 16-Mb chip described in this paper is packaged in 
either 26- or 32'ptn aOO>mil SOJ modules. The 28-pin 
package meets the industry siandanl for 16-Mb chips. 
The 32-pin package has features that go beyond the 
standard industry functions. These features are activated 
with Q as If before M$ and the appropriate address 
.bits. io^s^Uct Jthe^ dasired.^pprr^^tio^ function!, ^.-i 

Th« cpiibtiilriit 'modei'^inel jldcMaVtVpaij^ ataiie-eolURml 
or toggle mode. Typical functions include page copy, page 
deal. 2t2-b panllEt read-write test, soft-error scrub, 
partial wrhe, and data ulects. The external progranuning 
of these functtoni has no impact on the chip size, perfor- . 
mance. or power. Output enable, intern ai row addftai 
counter, and multiplexed MS aiKt CAS addrctaet are 
suadard features that requite no programmir^. 

The chip %m designed for hi^b speed. Iti R4S acceas 
time ia 50 ns. with a cycle lime of }iX> ns. )n static-column 
mode the acccsiH/cyclc time is 1(1/18 ns: in (he fast-page 
mode the scceu/evde lime Is 10/23 rrv and the toggle ia 
10/ 10 OS at 2.9 V and BSX. The MS aeeess and faat-pagc 
access are shown ia Figi. I and 2. rcspeoively. Using a 
minor modlTicaiion of the second-leyel-metal mask, the 
chip can he operated as a 33* or ^-V part. 

The static column and fast page modes operete identi- 
cal to the industry standards, but can also uk optional 
block select inputs, sampled by CAS. tu control writing or 
reading ot their corresponding data input/outpuu. The 



iaiIH-V2MO/^o/10tH>-in8SOI.OO OIWOIEEE 
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rif. I. A<5it»n. 

oi Ihe static renter, off-chip driver, and liming cireulu 
next to ihe p«d« in tbc centet of the chip. A tpedal 
higher speed mode, toggle, is also provided. Toggle n a 
nKKfificd Indutiy standard tt»\k column mode. The ad- 
drcB input tranaittont atan tk: cyde by adeciiof two 
. htti behind each data loput/ootput. The po>ltWc traaii' 
. fiofl of <og^e.dr{va»LthS' fim Mt and^th'e a^^^ 
lien of toggle drives the aeoond bit off the Alp. While 
tottle is driving the »coood off the chip the addreat 
inpuu an be chaojed to iDoihei nAdon edumn addivis 
setting two new Uta that are drives off chip ^ the next 
positive transition of toggle repeating the cyck. This 
provide* • random eelui&n addnmisg on two bit bott&d* 
aries whh a contlauoua data tianifer at a JO-nt rate. With 
the ttatfc regbter Uia allow* tbc read opeiation to eon- 
tinoe the leogib of the page even darbig the R4S 
pteehargB. 

XJsing different wirebond or liming optiom. (his chip 
can be used In a 2-Mb X 6. A-MbXA, a-Mbx2oi a 16-Mb 
X 1 oiganizaUon, and 11/11 or lZ/10 addretting. 7be 
11/11 address mode ftoOitatet the ttlgratloD from 4-Mb 
DRAM'a. and Is uacfut for larire oemny ayttems that 
employ banks of memMy. «rtth rooit of ibe batUu in th« 
•tftodby mode. The 12/10 address mode makes It possible 
to minimize power in unique appUeitionL Both addieu- 
ing modes use a ClS-before-ltl.'; (C3R) of ZK addresses 
to malntaia che lonreat refresh ftatftt. The chb BCC 
pr^es an error aerub during the CSR refresh. 

These features and other pcitineni dtip information 
■re snmrnarixed in Table I. 



±3t 




Flf. L Psn^pagc mean. 



TABli I 
l»>M» PRAM Fmtmu 



Dnufiji MKuncsa 

^KTTHWiljnT^aMM 



«.«fl»U»M|MSp 




IIL Cmp OaoAMKATioH amdIatout . 

Fig. 5 is a photomicrograph ol the 16-Mb chip. Tha 
aou»l chip dimcosioiu arc 7.8 K 16.06 mm. The pbpti>> 
graph thewf that the chrp it divided into four quadrants. 
Each quadrant is a toiatfy independent memory that can 
operate in eliher a 4-Mbxl or 2*Mbx2 DRAM mode. 
Ttt quadramt have their own ittdi'.-:t:^al bit r^d undine*' 
and data tteering, word redundancy system, enor correct- 
ing cticuitry, SRAM, end off-chip drivers <OCD's). These 
cifcuitft are arranged in a '^pipcUne" order, providing the 
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most direct channel for I he tlata flow. Furthensofe. the ■ 
bonding p>ds ire looted m the center ol ^thc chip. 
Tberefore. lifnils Irwcl less than half the chip lengih. 
TMs results in mialmuiB RC wiring delays and prwides 
the speed and pefformance im whidb this chip was de> 
signed. 

' The quadrants are divided into four array bloclu (pit 
-"AVea^JblfgckfcontajaiSgMUS'HwdrJ ur.rs, V/ojci'^eftSiiifip' 
it done with NANo circufu to mintjntze area and optimixe 
(he performance trade-off between decoder speed and 
word*linc length. Each ivord lim contatBs 1112 b; 16 of 
the bits belong to the redundant bh lines. whOc the 
remainder belong to eight EOC words. An EOC word is 
137 b lonR. consisting of 126 data bits and nmc check blu. 
These EOC words are {ntenMiven along the word lines, so 
thai eight adjacent bill belong to aight different ECC 
words. In thb way. dttsiered faults alTeaing adjacent 
memory cclb are separated at indlvtdusl celb of dllTeieni 
ECC words. 

Each block is further divided into r^o segments, each 
having the if own Interlocked timing generators. Th'a re* 
suits in mintmum power cons'jmption and maximum func* 
lionaUcy. It also Imprcvci th<: chip reliebiliiy by isolating 
the falls, thus lowering ihe probability of multiple bit 
failurei. Mnd therefore minimizing the piecc>patt fiilure 
rale. 

The two tegmenU in a block are uparated by »en%e 
ampliricr», locul buffers, and o l/}6 deeudcr The laiier 
selects ihc >cnM*amplirier algnals down to 139 b. lepre* 
scniing one ECC word with two redundant biu. and puts 
thii infotmaiion in the local buffers. Thcie local buffers. 
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Ftg. 4. OiMdrmoi taTuvU 

in turn, drive 139 second-level-flieial buses known aa pre 
data lines <?DL's). A funalona) block diagram of the 
quadrant arrangonent Is sbown^ta S. Note that deiail 

Tbe 139 PDU's run In the same direalon as the first* 
Icvel-iDctal, bit Unas. To prevent capadth^c coupling to 
aiiy partiaitar aingtc bit Use, the PDL*t xrgzag acrosa the 
array at three degree angles, redudng *the capacitrvc 
loading by one sixteenth while only lAcremeotally increas- 
ing the PDL length. The zigzagged FDL*s also present an 
equal toad to all the bit lines independent of mask rai>> 
alignment. 

Tbc PDL*s send the dau to the datanieering circulu 
for (he bit redundancy, where the two redundant bits can 
be used in an any-for-any replacement of faulty bits. If. 
however, the dau eamc frotn a defective word line, the 
entire 137-b word can be replaced with iafbrmaiion stored 
in a separate DRAM array containing 24 redundant word 
lines, each 1096 b long. Data from either the DRAM or 
the word redundancy array are patsed on to the ECC 
drcuits, where any single failing bit n corrected and 
multiple failing bits are detected. The output from the 
ECC circuill is sent to a SRAM register. Tbe SRAM if 
icToi'i ih^: ^^.OTder CAS addresse*. »nrf »hf £P..*.M 
data are driven via the off^chlp driven to the bonding 
pads. Since the ECC circuits. SRAM, orf<hip driven and 
pads are located neat to each other, this arcbiicciurc 
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provides for ea effideat layout with ■ miniaum £CC 
loffc delay of 5 nt for the first Int Accessed, and ao delay 
for sutnequeat blu aeceased. 

A. Affoy Dctign 

The cbip use* a p-emy that baa been deioibed prcvi- 
ouily (14). Tbe array bit lines and word llaea are boih 
^sed at • 33 V during stiodby. Ihh provides pro- 
lectioD against defccu that cuuld cause shon cirotits 
between word and bH lioes. Dwiag standby mcb defeeti 
cause DO addittonal cumin drain. Fiutbenaore, when 
adhre* the bh line fbUowi the «ofd4b» inoliage, thus 
cauimg a bit-lioe failure withou: cuRcnt flow. Tbh makes 



It poisibk to use rcduadaacy or the BOC to itplace or 
correo the bit lines affected by these defeda. 

Thb biasing scfaeseO^- 33 V)ca& provide the low- 
est power dJsslpstioa Is the array duriog active cydes 
when the chip is operating in tbe 33-V mode. It, while 
operating in this mode, an altecikatlve pxediarge bias 
other than had bceo used, and If all power disdpa- 
tioa la the arrax and luppon circuiis wu takeo Into 
aooount. tbe iota) power dtssjpaiion could be equal to or 
greater than the power disaipated when the Mt lines are 
biased ei 1^4^. ... 

With low bit-line prceharge blaaes. the drive of (he 
fc&se aa^lfleti is rtduoed. This eaueodi the tfaac to 
amptify the ifgnal aod. during array tetifaig* eaa faicreate 
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curreat syrsea. It n well known that the pube lued to let 
1 ftciiM-ampSifler ncdc cm be Adjusied to provide cunent 
only In the "on-tidi:*' device at • wafOeo in ipced, «nd 
thti there is A'lpeecl taersc££ when there it lome eondue* 
tion in the -ofr-iide** of the latch (l6H22l Inoewhis the 
ofT-ilde condoction current too pvch reduoei the inipU- 
Her't lensltKiiy aik tnaeucs cuneot uir^cs without any 
further perfonoattct improvemenu. Thh beoomet of im* 
pertanee in a 3^.-V dettpi with the bit lines pitcharged 
at Vm/I. In that t^aae. the gsu drive ii to low thai the 
time required to amplify the hii-UDe tigna) ii cxocsiWe. 
Therefore, it is not vlabJe at thii low vottage lewel to tkew 
the p> and n*iet phase Urns in the droalt thown in Fig. 6. 
Fttrthirmorc, darhtg lenln; of the anpltfler. with both 
OB-tlde and lomc iiff-tide eooduetion in the latch, a very 
larte crosaowar current can be pment when Gbar|lttg or 
diichaijlm the bh4in« capadtanee. Thia enuKW cur- 
rent liowi from ^-tei to n^et, and li eompanble to a 
thon-etrrutt current from to Bround in a cwllching 
inverter 

Utlng p<hannel load devteea and n-channel set de. 
vieet, and maintaining ofI<iida eoadoetbn at the level of 
maximum perfennanee with miniraun off-aide ^tage 
droop, the power diutpated b minimized. The array power 
diuipation is prtmari^ the CV'/T disiipatioo reaufting 
from eharging/dis<:harting the bit lines and the n^al line. 
When the bit Unes are biased at a vohage lower than l^gg^ 
the erofsover curn:n( defined above ta not the only eatiae 
for power lou corn rtbuiinf to the array power distipation. 
There are many other causet. One of thcas it the voliafe 
regulator required to prevent the bh linea from drifkhig 
dunng a long restore, and to hold the bit lines at a voltage 
other than or ground. Also, driving of the ^let line 
capacitance disalpsies power. Ftnally^ the size and the 
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louroe-fonower mode. DurlQg the read a voltage boost h 
not required tinoe the cell device b cipenting in ; 
groondetf-aouree mode with targe merdrive. For an n 
tiray, the eqoiiAlenfie li achieved by Madag the. wort 
liaea and bit tinea to ground, and uilog OKhannel loai 
deviees and p^cbannel croas-eoupled pafart for aemln^ 

0, Bit Redundency and Data Steering 



Z>cfectjve bit lines are feplaced.indewndently for rwi .. 
number of devicej. required fm blt^ne- e(;'jk)izatioh=iji*'^eh'a7^^ quadianL'SiiifiriiMgle*«ii: 16 RAn"^ 



creases. To maintjitn the same bii-ltnc equallxation per* 
formance u with ihc full bias, the device sixes mutt 
be increased to compensau for the lack of gate drive and 
more devices are required to control additional nodes. 
The capacitfvc loail of the phase lo drive the equalization 
can easily incxraK by a factor of 8. When all such causes 
for power dissipatioM are takes into aocouni, their tarn 
can be equal to or greater than the power required foi 
moving the bll^llnc: potenliil with a full K^^ voltage swing. 

AM unselcctcd arrays in this I^Mb chip design are kepi 
conneaed to V^. This results in large on-chip dectnipling 
of the power buiei. thus providing a low-noise array and 
iuppofl drcult emironment. This h difficult, if not impos. 
sible, to achieve if the bit lines are not restored to supply 
levels. 

The signal devirlc^ent speed of the p-amy is en- 
hanced tv restoring the bit lines to K^, because signal 
development starti as looa as the word line and reference 
word line reach a vohage equal to V,, This also coo- 
tributes to the scced attained by this «hlp. During the 
write -baek of iKc ]4gnal inio the stotage-ccll capacitor, the 
word line U "mini-boot ted" to enhance the signal stored 
in minimum time since the cell device operates in a 



dant bit Ibies pet block, this results efieahdy In X. 
redundant bit lines per quadranL A block diagram of tb< 
redundant system is shown in Fig. 7. Note that th. 
groups of redundant bli lines ate physically separated a 
different places in the amy. This minimizes ihc possibll 
Uy of dttstered defccu affeahtg the two redundant line 
assodaied with any specific ECC word. As thown in Fif 
7, the redundant l>DUs Gndicated as RPDU sad RPDL2 
are therefore located in different para of the array. 

The addresses of faulty bit lines arc stored in 32 fus 
banks, or fuse bays. The Identity of the fuse bay indicate 
the address of the bit line that needs to be replaced. Tb 
eight fuses in each fuse bay eontala Ihe infbrmatloo fo 
replacing the PDL*s with the data from the defective b^ 
lines. This approach not only 'saves fuses, but has 
number of other advantages. The faiformatlon irtnn th 
fiue bays it alurays available to the redundant itcerin 
clrcu|t^ wheiher tt li needed or not. PurtherBore, tfaic 
the fuse information Is stored In registers consisting i 
simple latch circuits. It is *)oaibla to rntct t^.h, 
Inlonnatlon Into those latches extemally without btoMrio 
the fuses. This is done by using one of the programmln 
codes (or selcamg the optional fcatuica of ihii chip. Ihf 
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pTOoedure b referred to at "Bixft blow/' tince the fuses do 
not b»ve to be Mown to set tlie led'uadancy. 

C. Ward tUdundafwr 

Wofd'ime redundancy is implemented by replacing de« 
fectrve ivord linet in the nain may with ones in an 
additiooal (ledundaoO array.. SiosilRr to (he bit-liM re- 
dundangr. the nddretaea of defective word linei are pro 
gramned into the chip ky cither Mowii^ fuses with ■ 
laser, or by nsins the aoA4>low technique with ooe of the 
progruna for optional fealum. By either method, wben a 
<fefectfve word line la aoeciscd, the word redundancy 
lystem cult cCT the data from the main amy and re|dacei 
::it with^data fraim^ .word Jine-^^^ - 

The word ceduodancy array (24 word Unei by 1096 bit 
lloci) Operates independent!)' of the main DRAM anay. 
Ii incorporaies a iwfo eel) that stores both trtie and 
cemplenteat data. The amatl size of this array makes the 
added area of the twin cell small compared lo ttie vuppori 
drcuit/y. A further advantage of ths small array me is a 
high transfer ratio rtsuhing from the short bit lines. Since 
both ifae true and coinjriement dau are stored in a twin 
celt, this memoiy reqirirei no reference cells. The combi- 
nation of twin ceUs and short bll lines cesu)ts in a signal 
thai is an order of tnagnltudc larger than the lignal of the 
ordinary call /reference cell oonfigurations. As a reiull. 
Che word redundancy array is less prone to failure and 
resuhs in higher yieldi per word line. 

Hie defective word*Une addrciacs arc also stored in 
fuse bajrs. Each fuse bay li dedicated to a word Une in the 
redundant array. The dau in the fuse bay determine 
whether <n addreued word line should be replaced by 
comparing the data on the address bus with the address 
dau stored In the bay. If the addreises match, tlic bay's 
worti line m the redundant anay ii used to replace the 
word Une aelcetcd in the main array. Any fuse bay can be 
programmed to npUce eiiy of the 4096 word lines in • 
quadrant. 



D. EfTOr-Corrtciint Oraatry 

The use of EOC circuits on a chip leads Co a delicate 
trade-off between perforraance. ch^.slze. and yield or 
reliability enhaBcenent. An odd-weight Hamming eode 
with double-enor detect/alngje^rror coned (DED/ 
SEC) b used because it provides a lower cost than codes 
like the horizontal-verUeal (HV) parity EOC synesn 123). 
An optimum oode was found by usfaig 128 data bits and 
nine cheek bits (24). These check bits indkate the concci 
logic stales of the daU bits. The ECC logic tests the data 
blu. using the chect bits, to generate syndrome bits. The 
syndrome blu indicate which biu in the EOC word are 
fauhy. The ECC logic uses this informailon to eonoct the , 

All of the read ot write cycles of thb chip begin with a 
"fetch** operation, foltowed by a "writC'back** operatloiu 
During the fetch operation, the EOC sucoiu receive 
inpuu from cither the memory cells in the DRAM amy. 
or from the word redundancy array. After passing through 
the ECC circuiu, the correct ECC word Is stored in the 
SRAM, which inchides the nine check bits and the 128 
data blu refened to as a "pge.** Bits are selected fnim 
this page and sent to input/output (I/O) bonding pads. 
A flow diagram of this cTperstion is skcrwn in Fig. 8. 
During the write -back, data are transfened from the 
SRAM through ihe EOC circuiu to the DRAM array or 
word, redundancy amy. A flowehan of thb operation is 
shown in Fig. 9. 

The ECC circuiu were designed using a differential 
casoodc woluge switch (DCVS) logic tree (251. An exam- 
ple of rour-input Hon dreuii of this type is shown in Fig. 
10. These diculu are small and lut. resulting in a typical 
logic delay of 5 ns through the ECC tree. Because of the 
error, correction. ;5ie icul •:::>6ait in chip wea is IS mm? 
(11% of the chip area), inchidtng all cells, sense amptl^ 
Tiers, logic, end wiring asioclaied with the EOC 

These DCV5 logic circuits also have a untipie laihire 
mode that can be used to great acKaniage. The outputs of 



I 




FIt.9. Write vpcmioawttliECXcuCiria. 




0 logic circuil ve both zero witil set When th€ drcult is 

"^foigtc wnli therefore create cither a doub1e>zsiu> or doo* 
ble*oNe ouipui. When these nutdiing output pain propi* 
gale through the logic, they w cajUy detcaetS. 9y using 
nine otnemble test points, it is: possible to get 100% te»t 
coverage of tiie EOC drculis wiih only 37 lest vecton. 

E. SRAM 

Tbc output of the EOC orctiiu u placed in an SRAM 
reglatet. Since the ngbtet is keated not to the on<hip 
driven and I/O pada. this icaailts in high data ratca. The 
SRAM regifter abo aOows a x 512 lesi mode that catt do 
complete pattern icasitivify cestti^ erith any comblastloii 
of writca and reads al nonaal chip cyde time. As shown 
on Fig. 11, the regbter is loaded in parallel with the data 
pmvided to the receiver duriog a write cyde. The register 
bits are tbea stored into the unique cell locations every 
8 b apan along the word Una. Chiring read, the bill put lo 
the register are coiapaied with eadi other. If ell the bhi 
ere identical, the chip output will be a one, ethirnr? t^i 
output Is zEibO. The chip u initially teued to rep^r aiiy 
fauttt with word4ine and bh<line redundancy. Then, eom- 
pleie paiiem leiting can be dime in a ceti-cbarscieriia- 
lion mode with the EOC cireutu turned off for verifica* 



tJon of ail 137 b. lo a customer environment, the testing 
can be done with ECC turned on. thus veiUying the 
integrity of the 128 data bits. The test can be sijnuUano> 
outhf perfomed In all four quadrants, thus allowh^ the 
verification of S12 b at the same tina. 71ua provides 
greatly, i m p r oved module, card, and system nemoiy lest 



F. Off -Chip Driuen 

A rate-oonlrolled ofr<hip driver drcult was developed 
to support the chip's last data mte. This diaiii nip> 
presses the cuTrent surges usually asiodaied whh off««bip 
„Crtyc7i,;c2^;cli::>v3;: thips <>pcrating in-the^xS msde. A 
circuit diagram ii shown in Fig. 12. The output rise or fall 
time of the circuit i» continuously umpled thnnigb an RC 
bias Bctworlc which biases a dvAct net«>orfc af the -vetfe 
of cooductiofu This device network drh«s the aeeend 
output device with an analog gale oootiol. The fit« out- 
put device leu the fastest me for a miniroiim load nnder 
optimum conditions. The drive on the gate of the leoond 
device varies as a hinction Of the output load. It therefore 
maintains a eonaiani rate of voltage change regardleu of 
power supply, output load, pioer*. or temperature. As a 
result the power supply mHse for Internal drcult open- 
lion b minimized, and the chip provides wetl-contnolled 
pubei and signals to the externa) mesMwy wtiiog atid 
circuitry on memory cards. 

TUs driver dreuit controb the output rise /fall tima to 
1 v/m, 

IV. YlCLD A9*0 REUABlLrrtr ENHAfiCCMSNT 

wnnECC 

The error-correcting drcuiis lo the l^-Mb chip can be 
very effective in eorreeting tingle cell failurct. However, 
any addUtonal fault* in an EOC word must be fUcd with 
redundanqr or the chip will fail In order to opiifflize the 
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Rg. 12. IUic-eMimltedafl<<feip driver. 




Tig. I.V Yield Oimi (W ECC mt4 Mi-lint rtdyndancy. 



fault tolerance of a chip with error correction, U it neees- 
ury to replace the ECC word* that eontain inore tfaah 
one faulty cell The Cnt step In aehlcvtfig thU U the oie Of 
bit-line rednndaney. This approach h optimized by the 
chip layout because, effectively, the chip consists of 64 
data blocks which arc referred to os *'book*.** Each book 
containa 20*9 ECC words and two redttndam bh UneL 
The redundant hh liocf contain 2048 b each, making it 
pouible to Tcpbce any defective bit in a book. Computer 
simulDtions end thcoreticaJ calculations show that the 
fault tolerance dramaticativ increases by this use of re- 
dundini bit linei and ECC The resulUng yield ai a 
function of the average number of falling single cells ocr 
chip i; ihown in Fig. 13. • 

li is itnponant to uolain the curves in Fig. 13. Without 
the use of the ECC circuit*, using redundant bit lines 
only, an average of 28 isndomly fiainf ainglc ceUs per 
chip would result in an eapecied ykM of S0% for thU 
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Chip. Using the EOC dreults cmly. and no btt-line rtdun* 
dBfiey retulu in » 50% yiekl for ud ftvenge of 428 
,^rii3^iUif7:j»irigl«ii:tJI fatlvres-per chip. Combiecd us9 b! tHe 
redundant snd EOC produce;! ft 50% y{e)d at an average 
of Z72S randomly failing ainglt! eells per chip. TMt effect 
is. therefore, lynergiitic. 

It WIS dctennloed analyilcally how the 50% yield potm 
depends on the number of redundant bit lines per book 
(13). This point can be tnoved out shorpiy &» » function of 
the numbct o! redundam bit lines. Neveitbelets, foi the 
16-Mb chip described hcit, ibii number was Icept to two 
rediiadsm bit lioet because e\«n better iautt lolernnce is 
achieved by the use of redundant word lines. 

As otentioncd cartier m thit paper, there are 24 rcdun- 
dant word lines in a quadrant. A redundant «»ord line 
contains eight ECC wordi Tlierefore. if one or more of 
these words contain multiple defects, they can be re- 
placed by a tingle redundant word tine. This capability 
makes word-line reduodaney inore effective than the bit- 
line reduodaney in enhandri}) the fault tolerance. The 
chip yield* resulting from the U9c of wmd-Une redun* 
dancy and ECC are shown in Pig. 14. The chip yields arc 
affected ^ the yield of the rudundant.word Knet. If the 
yield ot the redundant word lines is assumed to be the 
tame as that of the regular word lines, the 50% yield 
point occurs at an wcrage i>| 4016 random sing^-ceSl 
faOufcs. . 




II— » w««« 

r%p tft. SO] Mdalss. 

Since the redimdant word lines use as twin'«ell technoi- 
ogy, Ibcy are let* leinitivs to defecu than ihe regular 
word tines. Assuming 100% yield for these redundant 
Unca rcaults In a 50% yield point at aa average of 4661 
random single cell fiOures per chip. 

Tlie nna^cal solution for the yield retulUng from the 
combined use of word* and bit^linc redundancy with fiOC 
his not yet been found Simulations, however, have shown 
that the results can exceed the rightmost curve in Rg. 14. 
The capability of thi> fault loleroncc technique Is there* 
fore truly awesome, and exceeds the ourreol fault toter* 
ance needs for world-class memory chip msDufacturcnk 

The major appUcatioo of ECC drcuiu on memory ch^t 
has been for the increau in reliability. Ho«^ever. even 
when the ECC circuiu m used to ftx **hard" nunufactur* 
ing defects, the rdiabiUiy improvement capability of those 
dreuits is barely alTeeted. Fig, 15 Illustrates the effective- 
ness of ECC drcutis in correcting reliability fsDures ai a 
ftanetioA of the numbet of hard raAdam jwrle rell fathnet 
ortgiaaDy On tlie ehlj^. fiounSi^tt'tJ^crt^Stri'bGM hard 
random fails oo a chip corrected with the ECC circuJcs. 
an addhlona) liagle cell rellablUiy failure would still have 
a 96ft chance of being oonecicd with the ECC 



V. pAcicAces 

Tha chip can be packaged in a 28/24-pin SOI module 
and meet the industry standards. However* this limits its 
aaual fuoakmality. When packaged in a unique function 
32-pin SOJ module. 400 mils wide and 625 mib long, h is 
capable of operating with the speciBl functions and the 
extended features discussed earlier. Thb package has 
dual In-line leads at a SO-mQ lead pitch. The moil com- 
mon operation of this module b with a 4*Mb x 4 oisanin- 
tion artd toggle mode. The pinnrnt for these modules b 
shewn to Fig. 16. Also shown b a module for a 2«Mbx8 
organizaUon. 



The authors acknowledge W. P. HovU, C K Lam, and . . 
D. i. Nickel for their help with some of Ihe early circuit 
design work of this chip. Deep appredattoo b also ci* 
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An Expeiimental 16-Mbit CMOS DRAM Chip 
with a 100-MHz Serial read/write Mode 

SKIOEV OSHl WATANABE. YUKIHITO OOWAKl. YASUO fTOH. KOJI SAKU1. 
KENJI NUMATA,TSUNEAKJ FUSE. TAKAYUKl KOBAYASHI. KEHH T5UCKIDA. 

MASAHIXO CHIBA. TAKAHIKO R\RArMASAKC G\ fTA. FJMIO HORIGUCHL 
KATSUHIKO HIEDA. tOMBOu tees. AKlHIRO HITAYAMA. TAKESHI HAMAMOTO. 
KAZUNORI OHUCHl. and FUJIO MaSUOKA 



XfaM —A »>V 4M ■wdx^-Mt dgumte RAM «ldi • lOO-MHc Mfiil 

(ub CMOS iwtiiiiilmj. Ite RAM edBm • mt^ dwfwhpti STT 
(STiM TnoA c^Mlier) nil «Mdi «Mfl«^ J7 IT la • omO fdl lilt 
ftl LTKXft pB*. Tbt STD (Sttmfi Tfuatator irtft DeoMt Av«f 4nJa> 

opmdoa. Brt IB oHcr ta tmani ite MOSnr fiSitBlty llw S-V fxiffrnd 
npfly ««lti|f b comMtid to ■ 4>V faUfml wapptf by n oiwcMp 



bMa lii tr ua o C BJ to rmiBM • ld[^f^««4 acfial UAfi/Wwn opMidw. 
Vital ■DMtania} S-V powraiply.A* RAM iMt^ m lOO-MHl «rri«) 
MMM irelii. andli* JUJ amta dja. b 10 ••«. Tb> lypirrf acdf* comitt 
h 130 mA ass 190-m CTcb HiM. 



1. limoDucnoN 

AN EXPERJMESTAL \6-Mhit CMOS DRAM «ifh 
tucked trench structure cclli wiU be described In diil 
pBpcf. Id order lo rcsUi* l6-MbU ORAKfs, a lert^ num- 
ber of design epuutiau muii be overoome. 
Tbe purpMcs of thb 1i>-Mbii DRAM chip ut lo aun- 
^^iJil^J^^V^r^y^fJ^^tslitd Ttench.e*p«dior-<STT> 
cell) liii -'SldCT^II transistor with Double doped drain 
(STD) stfueture. ihe oivchip intetleave ctrcuiL and the 
double-ioput.buffer schaoe. 

Ift ibe following aecUcn. the ]6-Mbil DRAM memoiy 
ceil design, using a new stacked trench capaeiior {n 
an optindied ceU-p-weD. U described, la SccUcn III a 
MOSFET design that allows high-speed operation and 
ensures rdiabUity ts described. In Section IV srra; design 
and layout design are dcrcribed. In SecUon V ba on-chip 
interleaved circuit uid a doublc-input-buffcr scheme are 
described. Scctton VI sttmrnarizs the perTonnance and 
other characteristics of the chip. 

ti.'"''T?i*~**5l^.'.H-.'2*"' OcHOm 21, 19S1 

TV nlhen vr vrfft rt» VLSI R«Mu«h &.ic«. Tethib« CMponiioa. 
Ksonhei I. SaM^u. lU»aikfc> lift. Iap». «P««u9o. 
IEEE Lot Kiurtbcr •926m ^ 



II. Memory Cot. DuiCM 

In developing large-scale toiegrated M05 memory, such 
as 16-Mbit DRAM's. the most imporunt issue is to achieve 
large cell capaciunee in a small cell area. Miniaturization 
Of the conventional planar cell seems to reach the limit of 
fttlfULiog this rcqtiiicmen! in 4-Mblt DRAM's and beyond. 
TbercFore. three-dimensional DRAM cells, such as a trench 
capacitor celt, a sUcked capaeiior cell, and a buried stacked 
capacitor cell, have been intensively studied HH^l- How^ 
ever, theie cells bave disadvantages when applied to Ifr- 
M^t DRAM's^ A stacked capacitor cell stores charge in 
the polystEoon node which b stacked on the oell area, and 
the cell copacilor can overlap ihe isolaiion oxide. There* 
fore. Ibe cell capacitor area of the stacked capacitor cell is 
larger than that of the planar cell and it is one of the roost 
promising eelis for 4-MWt DRAM*r However. It is diffi- 
cttU for the sucked eapadtor cell to achieve large enough 
cell capaciUDce In further mtnlaiuriacd ceQs. for 16-Mbit 
DRAM'S and beyond, wiibout forming and utilizing verti- 
caj surface in the cdl. From this point of vie*'.. Ac. buried-: 
Slicked'' crpacilur'' ceil in a* '^boid obuluJtUB^'for'' 16-Mbii 
DRAM'S. Rg. 1 jhows o lypicnl buried stacked capacitor 
etU. which U composed of a stacked capacitor buried in an 
isolated uench and a switching iransiitof. Therefore, the 
capacitor area can be enlarged sufneienily by deepening 
the trench witbont any cell size penalty. However, the 
buried Hacked capaeiior cell has an hinctU current leak- 
age problem. A gate-controlled diode structure is formed 
at the source junction of the switching irinsistor. as shown 
in Fig. 1. This diode stfuetufc causes a large anreni 
leakage at the storage node. Fig. 2 shows the junoion 
leakage currem characteristics of the eeU. The junction 
leakage nirrcni show» a large peak around K - 0 V where 
Ihe damaged trench sidewaO ts dcpleied The memory cell 
data are strongly affeeted by this leakage eurreat due to 
gcneraiton centers, which are introduoed by reactive ion 
etching of the tieocb. in the depletion region. 
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Fif. 3* Sclicm»t>; crou-KcUotttl tiy af rt>r STT c»W 

A trench cell is re)«tivdy cosy to mtnufaciurc and to 
introduce into the DilAM process sequence. However, a 
ireflch capacitor cet) directly uses the etched trench side- 
wall as t capacitor decuode. Therefore, the cdl iuffers 
from capacitor rdiabiKly problems (4)-{6}. In miniaturiz* 
ing the cell area, intetcell punehthrvu^ kuikase arisM. 

In order le overcome these problems, the STT eetl has 
been developed and uillittd in the 16-Mbll DRAM [7). 
Fig. 3 shows a cross>sixiional view of ilic STT cell The cell 
is consinictcd with a iwlysilicon-io-polysiltcon capidior in 



FiL y Cmw KcUm SCM showinab dT ifas STT «tll Irem Ac (aWi> • 
Hacked ripwiH* ^ csied If^MMinRAM. 



a trench and stJeu'all diffuiton b)'er. into which impurities 
are diffused from the firsulevcl polysilioon. Consequently, 
highly reliable low intraecll leakagie current has been teal* 
tied. Moreover, using the sidewatl process (or tlic ftrel-levcl 
polysilicon in the STT structure, (he errective trench open* 
ing can be made smaller than that of the trench cell, which 
is. 'i«n4!f*? ;:^X*}hcJ«^^^JC;|;"^^?' pit>c<*s. Thcr<fs«;,imwfell 
-pu»chtt:!t9ugh 'h» WppnKsed compared with the 
irendi capacitor cell. O«ide-niiride>oxide dieleetrics are 
uicd for the cspadtor insulator. The third pol\7ulicon layer 
ii used for the switching iransislor. and ihc bit line is made 
of Mo-Si polycide. Fig. 4 shows the fabrication process 
of the STT cell and Fig. 5 ihow% an SEM cross-sectional 
view of the cell The cell measures 1.7 m 3.6 unr. The 
cell achieved a large cell capadtance of 37 fF using a 
4-fim-dccp trench with an 0.ft-pm opening. The intciccll 
leakage current has been decreased successfully by minia* 
tuiiting the sidewalt diffusion length, less than 0.1 ^m. and 
optimizing the depth and the concentration of the p-wdl. 



III. MOSFET DcsiUK 

. Use was made of 0.7fim CMOS lechnotogy for the 
peripheral circuit in achiev e htgh'^peed. low.pA»xr opera- 
tion. Fig. 6 shows a rross-Mntonal ^icw of 0.7.)im CMOS 
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for (he peiiphaal draiiL Since the mamrf ccD a formed 
in a deep high'concratniton p>wc[l optinuzed for ihc STT 
stnicture, ihe pciipbenJ p-weU H optinszcd (or peripheral 
CMOS end ike chip uiitixei the triplC'iub techoolosy. 
To realhe higlvspeed opcniioa Ihe STD was used (or 
PMOSFETf |9]. Tt^ 7 shows a sehenulk oou-udianal 
view of the STD iinidote. This ttnicivre has • 
touice/dnin p~ regioo lurioimded by an opiimftcd p* 



region, and ii iruniinUcs the gale-drain overlap capaci* 
lance without series resistance penalty. Fig. 8 compares the 
propagation delay time of oonventionai CMOS aad ^TD 
CMOS inverters. A 20 percent higher speed has been 
«i>laii«ed,by.;lfi($. STD Atructure JfiJ. Jr^crdcr,^f ^^.ccq'lii^Kra;-. 
reliabifily* an bilcinal vcriiaga eonvcriM is implcnMntted on 
Ihe ehip. Fig, 9 shows (he oewty developed on-chip volia^ 
converter. It oonsasu of an opiiituxed iwo-siage interna! 
voltage sense cUcuit attd a PMOS load transistor. The 
moat iinpoTUni constraint here is the destgfl of the internal 
voltage supply. Utilizing a LDD Hiuclttrefor NMOSPETs. 
a 4.0-V internal supply voltage can be used vi^ule reaiatain- 
iog high rciiability and high performance, as shown b Fig. 
10 19). 



IV. ARIurDttlCM 

In order lo realize high-speed. low>power operation, two 
new dicuil technologies, a new chip layout technique artd 
the partial activation sehemB, have been introduced for the 
anay design. 

The new chip layout ii shown In Fig. 11. The wiring 
delay cannot be ignored In the design of a high-speed 
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• • • » 

16-Mbit DRAM. To imminiie the wtoot deby wittoul 
ikcrificmgchip fttxc. l>ic peripheral ciicuit and decoders are 
ptaeed ai the center of tba chip, aad a doubte-lcvel alu- 
minum proccu it ioutkdueed. lo large-icale mcmoty. the 
power dissipated in die monory celt armys increaies sig* 
ninconily. ]n order i<> reduce the active current a one* 
Tourtb partiol aciivition scheme [10] hat been adopted 

Togelher with the (ne*fourth panial activation idienw. 
a shored scnae am|>Krier has been intfodueed to reduce tbe 
ehip area. 

V. A 100-MKz SnUAL arAO/wiurc Moof 

In addition to normal RAM hioalons. ihti RAM has a 
lOO-MHa serial rsao/wutc mode. Using this mode data 
from 1X4 to 2ICX4 bit can be serially ecccssed. This 
function will find wide memory applications in various 
image processing lysidnUL especially in the high-defimtion 
TV systems bang developed. In order to rcaVite rcal>timc 
image proceuing of titc high^de/im'tion TV. the RAM has 



<w-ch: 



4Mt2Mbi21 Cell 



4M(2M&s21 Cen 



fit, 13. Mock dinran of (he mvrteavfd dmii inqittfMniftf in t^ 
>«»li DRAM. 




Pout iyTT^7xyjxr)ciDCExxxx 




illusiraied in Rg. 13. Using tbe column addreu counter, 
to transfer 2-kbit data lerially wJih a signal rite of more «P ^ ^Wi of serial data can be read out continuously 
than 74 MHz. Current RAKfi with the nibble mode |)2J »*ithout spending any idit lime. 
— ^*"*-P»'» ««'"'^I™i«'tll?U.l<l <»o no» m«l th«»*-^-4lL£fl^i-.ll*"»'n a.-^OO-MHi tfirial warrt c>cle, ihe 
' r-,t-> s^'^^^^ '^t^wrirntn'^'Tiit niei of ihesc'R>k ^vi'i aic hrluw*'SO^nP"» c»'cuiiry ilibutd 'oe improvtd. A dDuble-input-burfer 
MHt. not fast enough for highs5cruriuoii TV appUcoiions. >cheme has recently been iniroduced in iht» chip. E«ch 
An on<hip interlsand circuit which mako it possible P®" present DRAM's has only one input bufler. 

0 read or write leriii 2-kbit dau coniinunmly without ^ufTcr is used for two puiposes: one is lo senie and 

l*«^*> the inpoi data: the other is to trmnsrcr the data to Ihe 



extra chip area solves this problem. Fig. 13 shows a block 
diagram of the interleaved circuit implemented in this 
16>Mbii DRAM. The cell arrays are divided into four 
blocks, with each bicick having on input port ond ;in 
* output port. Each block is composed of two J.Mbii cell 
array) [A and B ban'&s) activated by clocks 4;, and 
These banks are selencd altemitively. When clock is 
aciivaied. 4 bits of datii are serially read out to the dma-oui 
port from shift register A. and simultaneously 4 bits of 
data from bank B are iransferrcd to ihifl register B. In the 
next cycle, when clock i» tctivaied. the 4 bits of data, 
already iransfcTTcd in the previous cycle to shift regiiier B. 
can be read out 10 Ihe daia-oui port scri«»y from shift 
register F, and airaullaneously. the 4 bits of data from 
bank A are iransreried ia ithift regtsicr A. This sequence is 



RAM. The single buffer cannot execute these two opera, 
tions concurrently. Thui. the input dau rate ts restncted. 
This RAM has two input buffers per input port. While one 
input buffer receives the input dau. the other can transfer 
previous data by uiing complementary clocks ^, and ^, 
as illustrated in Figs. IJ ond 14. Uiing the dovble-inpuf 
buffer scheme the iopui data rale is doubled and a 
100'MHk j<rial watrr eytle is obtained. 

VI. Cmr CHAiucTEaisTirs 

A micropholograph of the die. which measures 17 J x 
12.0 mnr. is «hou-n in Fig. U. The RAM consists of 16 
sets ol l-MIni blockL Tlic peripheral circoit and fov/col* 
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umn decoders are pUcsd ai ihe ocnier of the chip lo 
rmmmiie the wiiing dcti.y. 

Fit. shows the op:reiiiig waveforms of the random 
aeccst mode. Typtcal IL45 access limes as small as 7Q ns 
have been obtained. Fig. 16 shows the inicrna! waveforms 
measuted by an EB tester. The RAM is found lo operate 
subly. as predicted by SPICE timtiluion [1^ A typical 
Kbmoo plot of external versus RA5 access lime 15 
shown in Fig. )7. This RAM shows the wiJe opcraituiul 
margins tor the external suj^y voltage. 

The active correni is typioHy as small as 130 mA at 
l^ni cycte lime. 
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Rl IR. RcKMion Hm of ti^Mbii CMOS DRAM. Tlw tttmiioB 6«r 
bdcnac4 w ih» line «1im M pmauof ihe loul Hu Ml. 

The retention time. dcTtned as the time when 50 percent 
of the total bits fail (16), of the RAM is ibown hi Bg. 18. 
The retention time of the chip tuing a trench cdl is also 
shown as a reference. The retention time u aboot 1 a at 
8S*C which if u long u that of ■ ticndi cell The 
activation energy of the retention time is calculated 10 be 
'zS^^^'^:^ TTiTA veJ»w \\ vcr/*ac3eMo h^U ^. Ae Si-b«iMt()ip'^ 
energy, which shows that the leakage pheitomenon in the 
STT cell is due to the recombination current at the junc« 
tion. From these resulls, the STT cell aeemi to be ijttitc 
promising for 16>Mbil DRAM*L 

The observed operaang waveforms of the serial kcad/ 
wKiTc mode art ihown in Fig 19. A 10-ns serial cyde lime 
has been adueved under a 5-V external supply voltage. 
The measured lOO'MHi sefral dau rate !i fait enough for 
o highnkfinition TV syiiem. Table I summorizes the main 
fcaiures of the cxpcrimcnial 16-Mbil DRAM's. 



Vll. COMCLUUON 

A hiKh-pcrformJince I6.MM1 CMOS ORAM hvi been 
tucceufuUy fabricated. The chip utilizes the highly reliable 
and manufaciurablc STT cell and the high-speed STD 
stfuciurc. The circuit doign uwtl in this chip feattires new 
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Fi^ 1*. 0W*f«t4 «pmiin| mwlenm of tcnal U*o/wun ne<r. 
TABLE I 
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leilvvtogv Sioched titHOtcapartereta 





Twb-tuD CMOS 












lAAOS QS;«n 


(entciivt) 


PM05 OSira 




4Mwcrdt«4|) 








SVIMcfiidl 4VI 




17.5 ■ 12mm' 


C«il wt 


l7iS.6|im* 


Acctu flrat 


tiuK ■ 70m» teji(* 22n 
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Rtff tm eydtt 
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oa-chip interleaved drcuiuy and a doublo-input-buffer 
teivimc. The ccl] ^reuy Jnyoat centers "oun^jcgiEijcul^ 
' drcuits>in'^ofde>'tc*^nunii&£ri^ 'wiring ^ ^ 
The chip obtains 0 7&.nt RAS soccn inDC by luing this 
unique layouu togethir with the higb-ipeed 0.7.ftm STD 
siructurt CMOS teetmology. Using the iRtcrleaved ctreint 
and the doubI«4npuubuffer ichemc. a lOO-MHz 2K X 4-bii 
serial RSAD/WRm mt)de has been successfully realized. A 
retention lime of 1 s at Hi*C has been achieved by the STT 
fclL These new technologies hold promise for realising 
16-Mbil DRAM'S. 
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Syndironous static ram 

UriBtf anewitotic-ram structure featuring a eiocltnmot,xnw 
Estate memwy access at 40MHz processor speed b possible 
with a 25ns device* 



DAVID JONES 



i mknprpcenor dock ipwdi in- 
i Clusc tt becpma rawt and mort 
X A difloult ID doiitn mtiRory opiUt n 
ketptnfl up with Ihcni. thm b no prcklon 
whh InUftodna »te# in«incfy lyilwrtto^^ 
MC66030 mtoopwetiiw «ma Uw 
tfyndiiofious mode iJlonn wiitmtatott 
Irutrtid Into monoi!' »oc«m. But If mu- 
tmum throughput Is needed, menioiy aati- 
scsmattbidoatwithoutthtscdcUyi. 

Traditionally, vwyWW mile nm h» 
bctn uscdtoaDowmcmoiytoteaffaicdti 
the spetd fcqutiid by W«l>^i«i™mt 
micrepfocosorft. to the cw of a 2WHi 
68QZ0 for caampte iialc fw» 
35ns acem-Umt art used With the 68030 
hcwcvf r. aeetsi ttani b itdueed itOl ftuthc r 
whcA the bui contmllffr bunt-AUs the eo- 
chip oeha. Now. diU taa be accessed in 
only am dock cycle. 

Fisurc 1 shows a lyplal nuerepfOccssoT 
tbUt-fam duifn. Although the nms haw 
an access time of ailjr 25ns. centid lefltc 
required for address decodtng. etc reducu 
the Umt available h't aeccsilns the devices. 
As you can Its froin (he dotivo. addrtiies 
need to-be qualtrnd far tht addms strobe 
before they can be used to ensure data 
Inteflritr. 

With lynehroMui.ftktfe nm. tht micro> 
WK£»3XCi3(^rK4M^:%?di.i5rwSb! btto the mtt. 
access logic to reditce aoceu tfant. Itat 
new memory devicss: also icquire leu ester- 



jRM, Standard eade ram with adjo- 
••'triaartd latches on Inputs and trans- 
psronttstehnion e>j^^^ 




«(i Synebranons itatSe nm noads Ins .yr« .? y j;; .,i;F?:a.zi;^:r.^ 
txtemal confrel bfic than cenvontlonol iiis^C^J^^^^^^s 
statte rvns because of Hs deck Input (K). 
Synchronous dwrteaa wWi 2S and 35ns 
access times nplact optnslvt high* ^ 
speed static nms with S to 10ns aecots i^- 
dmes. 

HgJ. bitarmi ttnictifro of an MCM6292 
lynehronous itsHe ram. Wifta-pulso logfc 
required for.ftandard sttlte nm IS on eWo 
BO fewer oxtanul coMrei mponeiift aro 
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taS loflc to Intcyfk* thtro to the micro* 

pfOOCSSOTilS 

of ibc lyndinmoiBilatienmm Ohtstntcd 

Sampici of four tyrxhrvnma run types 
will be mnaUe from Hotoipb tv the end 0/ 
(hit yctf. Tbt MCH6293 b a 16Kx4bU 
dfvioe praducrd udnt tbc HCMOS ID pro- 
ecu. It his fouftcen address bxputk four 
itparatr d&ta Inpub and outputs, a wttt* 
enable Itne, chip'fcica input vid i.ctodr_ 
tnpvtt dff^gnated K 

Opeiation of the device b n iaSlom. On 
(hcposUlvc-fioinc cdseof the bipui ctock. aO 
chip biputa tnchid^ control Ones are latch- 
ed. In addittoa. «hcn the doek b the 
oulput btdia art inrapuott (open) and 
mrc then hcU tn the centa ftatc when the 
clock sees high. 

If the address and chSprselecx signals can 
be supplied with the correct let-up and hold 
linvo with respect to the rbtng edge d the 
mkropToccssor dock, data can be read on 
the next riling edge of the dock. Ihe Ihne 
between theu e^ b therefore the cyde 
tlmeoftheroenioiy. 

During a write QfCH. V the proocsMr can 
supply address, oontn) and dit> on the sune 
dock edge then all on be latched together. 
Complex write^bc gcner»tJon logic re* 
quired with starubfd mo b now an on<hlp 
ftjnctian. Flgum 4 and 5 read and 
vniu tfanliv for tbc 8292. 

With the cxcepboa that Its outpvU arc 
rcgbtercd imtod of latdicd the MCM6Z9S b 
the umc as the G92. In rcgfaler-outpiit . 
modt. d*ta thit b valid when the deck goes 
high u from the previous nde. The 
MCM6294 and 6295 an the same as the G2S2 
and 6233 rcxpcctfvdif cKcpt that they bavt 
an output-cnabk eoobd buUad of a chip- 
select Input. These two devices arc deigned 
to permU asynchronous control of the out- 
put bufTer^ 

It Is now possible to build high- 
performance mlcroprocesser systems with 
vciir^ast cstcmal ctdta. In conventional 
.dcilgm*- using lynehfonbus: static nsn is 
eouivalent to uafaig erdinafy static ranu with 
10 to 18ns access tlmo - whteb are very 
■ e^cnslvaandpflowcr density. Synchronous 
slatk nmi Mth 25ns aoceu thne sSom a 
proces s or to operate at op to 40MHs «Mthout 
wait stales. 

. OivKf Jttnts It M tf^iatban englnttr »t 
Motorah 't Ekst KPhndt phnL 





REAL-TIME CLOCKWITH PC SOFTWARE . . . 

SPECIAL OFFER 



ontKeeper b a bttify.baAcd mMfasi 
deck In ao I.C. aeekti thai litiiply fit* lata 
a n empty 2$.^ recnmy laekvi or aodtr 
the PC blot cpvom. 



rilMEKEEPER 
I 25% DISCOUNT 

1 1>» TtmtKctoo mMhM cM 
' w(tM>t«uirfttt>MnMlVcHUMfJS»MC««nr . 
{ ftt4mc»«atoaiM«itlMlS««MMMpfk(er I 



Addlaf a ooa ^latOc rval-thna dodr to a 
PC. XT or AT need net Involve add-CB 
bonds ortoaolospaoslea slots. 




07;I9 • M)r tafhaiw - amp 31 Omfiter in; 

MHI tllU ttWJIWL 

S«Mt • AiQWifaRSUi arair to 074S pqaW* M 



1 TimiKfCprr. Ream L3SX OuadttM HouM. fhr 
OkMtlrwit. Sutton. Sumr S»C 



ClECmOmCSft WIttELESS WDRLO 
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A 1-Mbit DRAM with 33-MHz 
Serial I/O Ports 

KtYOTO OKTA. WDEKl KAWM. MASARU FIUIL TOSHIO KlSHtMOTO. SEU1 UEDA. ji 
YUKIOFUR'JTA 



to.»% i«w am •«» I*- ^ W •-WA'-^ 

tommu^utn fli«tfm a wm^ M^n t I/O 
fnhm e»«^ • •—'il 

*-W-^ 

— 1^ li M LU ^Hia 

IW ^ ah* b UIM tU a^. 




itm tim Bt nlidir tat tv m va bM 



1. iKTXODUCnON 

RECEhTTLY. dspuJ itfBil-prooeuinf uduiiqvo have 
beee tppUed to TV lotf VCR qrsiOB b onter la 
obulD bigb piatm qiu&QF ud BMiUonil hatuxoL lo lbs 
digltiJ TV or VCH. system. MA or frune nunoiio are 
uAcd ror itoraie Cif iht iaronnatioo of coopleta video 
Tiddi or (rtmo lU p}, A iDa&ery ol taiss bat titt tad tut 
dAia nic has bcca Mimpy rcquirad for ihb Add or frmmo- 
nanoty a^ficadeo. le the NTSC lyiioa for ctampkL 
one TieM video infeniiaiiop ts appreuoatdjr 
when umpled at i O^J MHz) with ft>bU ra^nlioa. 
And aa approamiiidy 2I.6-MH2 (I data rata ts re- 
quired for a fioatotcHaeed seaanSns appScstlea. 
• CCOr«ttfnoxy;J^J MJd^ioi^ ^src 
already been devB^)Siif'l»"tbe fkid raancry apf^ieadOQ. 
However, they havs so raadeai aeeessbtCiy. asd tha are 
bsorfideai for Ante ippnadoo^ 0& the other hiod. 
lome doal pan video RAM'i|9).|6) bme beat dedoped 
for the frame buffer apptteatiOB Is the pwpiik dispby 
sysTcuL However, ttey are not always niiahle for haodDnf 
the eosiinvots vidis si^iaL 

In view of the 8t«ve reqwrocBiut we have dev do ped a 
]*MbU DRAM ndiable for cither ReM or frims menoiy 
applicatioo to (he (U|ilil TV aad VCR lyitflu. The ooh 
ory has 33-MH2 serial 1/0 poru aad intcnu) loiaJ/paraU 
let coflwersiea cifcnUL The neoaofy can deal with aiyo- 

IC. OHu.lt lU*at. SfcPi^T. Haktaeia «J V. fwnu m »< J> 
Dffwifli Oinigptai CiipmBWDV Maoai^ OecMBka Corpontiav 

1. IM*la «ie» ibtXyeM Ranfilt Ubenurf,iUwiMta TSaurm- 



dirottous bipuu and outpgo at a U-MHa data nte aed 
baa facdott accxwhtUiy, wUth afiows wide appUobillty. 

TUi papa daoibes the 1-Mhit DRAM wtth )>.MHx 
aerial I/O ports la Sccdoa II the chip desigii tceb- 
Biquo coneereiag dsoin and Isyeni iie dinuud. See- 
don ni daoibo the I J^m douMe-b«d alunsma KMOS 
pfooess techoolegy Mad lo lahilcite thb eumoiy. le See- 
ttoa IV the efaaneiarittlei of ihb oumory an deaeribed 
and the chip appUaiioB b alae dimiixd. 



U. Chip Dbion Tfooaotnt 



A. Chip 

Fif. I ihowi the chip btocfc ditiram of this nwrnory. 
The manofy has an ei$anBauos of hits. Esd) 

236-kbit bloek has two icts of soial/panllcl dau eomer^ 
lioa circuiis. which are coesovcttd with B-bii serial shift' 
ictistcn. for dau faipvs and ootpoL The 256-kbU blocfc to 
divided taio cl|M aaiis. iBsldng b mcxMii mcmoiy 
cen aiT^ri. £ech aiiqr hu aa X/0 eoBtfdier circah. wfakh 
eontfols the dau fbw b etwe e n the S}<kbii ncsnory bloek 
ssd itt ftuimp o u ding shtfi^n aod ihih-out re|isicn. Thb 
m en wr y u randomly aocESsibte to one of 32*khit addrntn, 

El^i Mu ef^scrial data are M«qe^^g^ with, gyj^^^jarcR. 

ScTL^ data (n^(Ms ksd outptfu anMcefufc^led"by KrlsKa^ 
eoairol (SIC) dock and icrla)*oui ooanol (SOQ ctech. 
w p c umly . Two docks. /kS »nd/WS, control the dau 
liamfcr operetloo in the 1/0 controller btocksi Thb mem> 
oiy has a 9-bii addras eeuotcr to refresh the RAM every 
912 cycles, and h b eontioOcd by the /A/JH docL A one 
row sddrctt redundancy droaii b Included in ihb memoiy. 

A. t/OCcfUroflir Bbctt 

The frame neaoiy for a digiial TV or VCR fysiCB 
ihould be capable of deafin| with a enodaaoas video 
tipial bspui and output itreant In view of ihb leqeira- 
03cnu the I/O controller block itcedi to be dcaipicd to 
perform continuous dau inpgt and ostpoi iimBttaoeoasly. 
Also, dau transfer bctwcta Use tM/t re^lsten aad the 
memory blocfc should be cxecvied quickly and taoolhly. 

FiS, 2 ihowf 1 schematic dxifnm of the I/O coatioDcr 
with dau flew between the n-khit memoiy block and 



oois-9aa)/86/ioaMM9soi.oo ei9S6 im 



]]np 
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r«|. : I/O mMpthr biKb IcadMtf hf 40md Gm) cmmb 4att 
fnnla b«Mn Ain tqisMr and WBsry bWL 




eomspoediBf thilt^ isd iUh^ tvfistcrL The I/O 
eofitrono block ti txmaaeuA «4ifa a daia-ia btdw a 
dat»-oui UtcK. and o aiitllipkatf 10 iwitch data inpat for 
(Itt ihlf Mut fTfistcr. Fig. S sbowl the linia| diapvai for 
; ibts mtsno^ dpcfatlon. ^ ^. . ■ 

Tfcie'lE^ i&iua cinicd bjr ibe shif 1^ iT:p&itr aj« nored' 
OS Ifac daia-io laicb ntdcr ibc ODniro] of Ibc /IKI dodL 
The diu nored on ihii data*iD Uttb aft wiima into the 
bbck b feOoaiat MOeorr wun cydc Odcc the 
daxa are itorcd. ibe dai*-in Utcb holds ibc data aad li is 
tniileeud by operatfoii sf the ihiMD iisbttr. The data-ia 
UtA aDowt the dau bsU (faao Cor wiWas tnpui data inu> 
the mmary UeA 10 be pju t um e d luflkiesdjr. and pcr- 



tttd» nd vf %fiim otp cMntfy aD ta ih* MMsi imoaT 



Ttm onipBi dau bva (ha 
(he data-out latch ondrr the cofltral of Ihe /JtS dodL afid 
then tnasfened to the sfaUI-eo itpsicr ihroo|b the muh^ 
ptexer. The nnitiiplcxB selccu dihcr data Cram the dai»-0Bt 
latch ot from Ihe pnMous ihUi-out ftgliitf. Ihe dau 
omliiplciiflf Is exeemed naoeihljr lader the eoatRd of 
/itf and SOC docfcL Ite ladom dau cas be tnaif cmd 
from die meawy Uod 10 Ihe iUft«ii icfinff vlihlB the 
minisiiim seriaUnt cjrda lime. Tboitev eDBdsHoas serial 
dau euipa caa be iw famie d . m daefaii Ihe dau maa- 
to rrom die memory blodk 10 the ahlfiM fc|lsier, with 



00 chance m trruJ dau tasu time. Funhennom osaccr- 
tait handbfii of data^o aad data-ooi caa be ptrfwiu id by 
Ihe I/O eoomncr block wih die i«o doeki /IKS nd 

C hfrm kgpatr Cmrir 

A ae« type of 4yua>t rcpstcr eucsiu ihewo b Fi^, 4, 
b deniocd to > ehi* »i hith-^cBd dau tnnifa opcralkn 
ihToufb (he I/O c on t f oUCT i\DA aad the shift R|istcn» 
The rciisia cimot to f n i n(M,nrd o! a set ot tftiaf cr pta, a 
oorapanior to whhA a dyaaode daflereattol aapD&tf Is 
appttel a bufla. wd a Dau Doer ii coavdDed by 
ihtee dock phaao 4t. ^asd#vlalheca»olthe 
ihlfi'ta refister. these cle^ aie trisiocd by Ha SIC 
cJack. Tmaafened dau boo the pmwaa ttpoa are 
latched «ith the dodL f|. aad saued «itb the dedk ^ 
The dock aedvattilhe bnfTBile dilve the ittftic^mr . 
dau b« Ono. The laicba bold the dau dulBg precbaiia 
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S. Ca«4tdUiiiaf<dM4cdtrattii|iwMKtCM»aftMcd 
Ian i»o ptfv br tronfn |Mi ilMBd ^ ♦n ^ 

cycl« o( the SIC tad 50C Ttoa Utehct uv conttraocd 
with IS £/£ broiler whose load ptts are puSsd Bp to a 
y„ ^n levd. The delay tim from f , to ^ b dcslind lo 
be appnuimatel)' S n (or lypka] oowStioaa. 

TUs fciUtcr ciiredt with the £ffefcntial sS^aal haodSas 
make* h poasblc lo reaHte laal and stable cpcnUoci, in 
tpiie of Itt rote hcMy toadbg capadtaace due lo iha 
pottrioBlngcf iMftit|laiera.1aa>derioadiigwW|h ipud 
perfoinsaDee of datt inasfcr bawces the ihlh ngiiieTS 
and (be I/O oooireSff. the evToi of the eotopantor is 
difoctly eoaoeettd lo the tax tc({stcr iopuL Ftmbcmiere. 
b order to fedara data afleess lioM. the oetpot baf hit aia 
diicdly drra by fhe lasi ahifuout feslstefi. 

Hiia BttJiiory cxuployi the dMded l en i i a^ neihod. shown 
to Fig. 5« io Older to cnhun perfonnasec Ttc bH Qna 
are dMdfd hto rm pans by uusfe pta whteh are 
oontioDcd by d'sefc fn* aaxpUnci* aie located oa 
both sioa of Um iraasfctr pM. Wtaea the ncftoiy bteeh 




F!ft, r Pbyrieri iBMlM ef-MArfi MiL Ml 



MS) b ideeud. fndout operation is p cr f om ied u f oDows. 
Tie aeteted eeO dau aie lead by the amse amplUkr 541, 
The icadeui data pan through tkt traaafff gate to tha 
memoiy blacfc MtTL Then the dau art anpQDed by tease 
aiapGficr £42 aad truuftirrd to the aethpe testore dto^ 
On (he other hand, whei) the memofy block M91 h 
ideetc^ dau are read by ihe lease ■mpfifier S4l end 
tnasferred to the active mibrc drcoJi whhoin anlvaUoa 
of the sense anpliricr S^, With this scnsint method, the 
tfvisfa ratio of C^/Cj for the flrsi senshit »a|e b 
appfoaitnately 10. which b eooogh lo icatiaB ■ suhla 



Ftf, 6 shows a miODphote|rsph of cWs tBcmory dnpi 
ri|. 1 shoM (ha pbysiaU leattos of the drcutt blocks b 
this memory. The chip liu is «5.i6 ma^ 'SJSxlU 
ead the aujaoiy cell amy oecopiB approanate^ 
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TAKSI 



34 perecnt of iba dap tftt. T)» maaoty cdl tiny o 
divided Imo M blocks on64bll per falodL A ptir ef thm 
blocks uid Om icnsMinpSfWr block bcmea then oike 
«p • ^^kb•l iBcoory Mock. Ibo thifWis fcflitm. Ike 
shifk-oui rnbicriL ind ih* l/OeoomMr Meckfanloeticd 
ai the ccnier of iht cklp. Eadk iklft-Ui nifam. Aifl-eiit 
rcsltUT. «nd fkt I/O GOouellcr bledi b laid oai adjtemi 
10 Iho correipcfidifli 32>kbil mcsDOfy block. TUi conTis- 
untioD liva tiih-fpted pcrfomoftoe lad tubic cpcnUoo 
of the ncmory. And prmrfda two t ddlil o ntl ad*nu|e» b 
circuli des^ Fim. ibe loifih of the mowiy diu Boo 
bemen the nMiBOfy block tad the 1/0 eemralUr block b 
iniiiiiiDifid is cDisll|utidoB. vhick ta tmt foiiiunitti 
th« my cipaaiim of tht amgy data bta aad b 
oecanry bi obtainloB bl|b<4peed lemmi. Second, ibc 32 
.^,.:j)ialri ot .maoKy'dtiM Uao'Ddcba- creaMjtqr'.rin ride by- 
. tidtf lluii ndociss toy onipkst lotofcKBca bctws ihciL 
Thb ooafisuntieo b abo effective b obiamini mWe 
opOKllOD and mininUaf pattcni acaAbiiio* Pvnbcr- 
jBOft^ the thlfi .ttsbia Miioyuuuw . ibM b Fit> ^ 
ttantlu in cquilbatioa of ibe tkift nsbur boi fiacs and 
ootpot toadint capeottncft tad b oeedod lo obtab lash> 
spMd ead liable strial-b eod Bcrial-eei operatbo. 



TWa memory a 
potyn&eoo UkJ doobMcvd 
process teduuilofy. Table I 









SMata l»<i«l Mtf •llliM 








f iiMMCai 












WA 


Mtmati* 






i.t m 




U9 m 


. Ill Mm 


M ainiM 




M Ntf 11 / M 41 


Ml Km 


«.» a . t.| ■ 




ka ■ ■ It J ■ 




WiSflOt u<«ot 




Tib. 9 thowt a cma tectbo ct the nenofy cdL Tbe 
memory eeJJ im ibe eoo««iUooal pbonr-iypc cifKius. 
The ccD plate b lormed «tib ib« Grn levd of pctyBSeoo. 
Word Uses ar: ouda wfik the seooad IntS ol po»jfBlkso 
sdldiod 10 tbt M ioo d- U nl ahmatin word fines at IS 
penbMcMui of r>)ttany dMdcd.lai||th. Tbb «ofd*lbt mtc 
lore redooc* sisml propaiaiioa driay onicd by ' ' ' 



reuttaaee le appraibaidy 1/200 of thai rev die leeead- 
levtl polytniosB abac The edl sac b Ox7J ()S.l 
pn/i A cdl capaduaec of S) fF b reafind hy nbt • 
10fr>A sale oxide thiekacsa aad aa Uutuond LOCOS 
ptooeu. To adum a Ugbly rcBabla ncaaiy cell the eeO 
pbit b biased to mw-hiM t*t the y„ b«d. 

The gate aide thickaca for the teeeod-levcl polysIIieoB 
b X aad the BdabMB pie bB|tb b IJ pat Ab 
Ulkily doped diiio <LDD) stracuse b appBod 
to triaiteon Is ordcf to wpprtu boi*cbcMB b^acdoo 
tad ibvs 10 luppicM dcgnduioB of BiawMr ckmctab' 
Uca. 

Ao optfannsd bierUya bsubior fabibatba pvooEM 
bctwa ikc Gnt* lad irroftd4e'»tJ abiwhintt bToe ftsttlia 
b a minhnaa pitti of 3j0 pea for the leeead-levti 
ahiauauiB btstoaaectbas wbtcb b ibs tina ti tbt fliB* 
tcvd abaaaam pttdL Thb denbbJcnl alottbun piooea . 
iech.iebQp akb b adiinteg aa cffcettwe bicnoQsscioa 
layaui aad la redacbt propapdoa dcby fSmau 



I i 
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« i IMM «aa im nb 



for ihs NTSC qfnctt Tbe Ikid namry, whidi b con* 
sumfd with two of itac I-Mbit DRAM*! lad ■ pair of 
GneiiKSB8Tka.qiouIotiHtba4/^ iBfRot dm tan and I 
output dm ntc mtlce vp Uk tyntm. The Tidd Donoiy 
b opomied it t:^^ nte for b«h dti»4flpm tai 
duMotpuu RKAP-Momrr-wmm cydt dnloi^ itewa b 
Fi$, IX «ra appSed lo iha Odd ocmoiy. A noBlatotaeed 
video dfoal b obuned by ilianitiBi llw outpn from the 
line ncoofy lAtf ite Odd ncBoiy* 




V. COHCiuaoM 



has 



» b Ap^itttfty 2 Mbil (or WnC 



IV. CHAMcnuniOAiiDAmicanoH 



A l-MUt DRAM wiih S^MHz icrial 1/0 poru 
beta dcvdoped with iateraal seriil/paralld <Uu cox 
lioD diCBits and a newly designed I/O eootroQcr dmiiL 
lh€ dyoamk fcf^ner cbnlt and lesuiAf mciKod oRos 
» fyum htsMpced ttaUa operation with ae optimhsd byoot . 

" tfmblo-lml po^ysnieM and doiiM»4s«d alamim 
chaimd MOS preeesa tcGhnetoiy. Tte mcnoiy hai mangr 
fcatm* luitable for TV or VCR frame mcnisry appBca- 



A. 

Fi$, to ihowa a lypica] output wanfono with SOC 
dodu AppmiaaidyaltMaaaflalaBBeaiifanebnddawd 
ftt 1^ V and at raoa lampoanm. Ued9 lypial 
cooifiilo&i (K„*9 V lad r«-25*CX tnd at U-MHx 
letial opcratte acthe oimn t b 100 mA and itandty 
cuncnl b tS aA. Ty^eal diaractcfbtlca of ihb nonory 
are iiiflUBariadla TiMe II 

Am aa eua^to of the apfficatloo of ihb nanory, a 
BoaiBwUccd acaniita| TV applteation b.doeribed. Rs. 
11 shows the adiestiaiio of an cuopla of the fataUfied- 
lo-oealnurlaeBd ecsmnlno system for NTSC dldtal video 
' signal Mailed at 4 wCaS-blt icsahftio& Dm canplini 
frcqocBcyd/^blO MHl and ihss I b &6 MHa 
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tBDtltf vrf fWM OMMn.- tUZ Tfmm. ^ . u . u Om**. ^ 
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m HJ.M.Vcai£ka<rir.*A40MHlXBKb€rD«(deoBmry.* 
Is tSSCC Dtt. TM. /^^ Fib. ItH 20»-VX 

HI 1 liU«ma^ ANhm4 ATi^i*M%V.lv^a.Tcnni«k5z4 
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Y. Okntnk^i fiA^ part oBDai^* is |»CC tlf, Tmk, 



till Mil* B L lUI Hr g idmaj I— H«|f V^ft^i 
N|]^ SAmL YwipiM li^M. » 




TTTjritiMiTltiiiirtniiT^ir 




im. 



uhk t^a, li 1911. 

hi looRfe «r MOS 

Costal RcMRfe Ukcntofy ■stQ ItTl. Is ItO 
Jolsiid MmbbUb BocDsriB Cpfpondc^ 

- - ic4M0SlSrt.Htta 




T«dl» NbMaMo *u bore i« Oute lask «a 
Piriutii X 1M4 H« N^vvd ibt 1£ antf 



HAD 



Kma /apia. «ta« fa* b aanrt to dta 4f» 



■ ' ^" - UtiA I. im H« MoM Om U aid MS. 

4qrm to Bbgna Cm Rysio UBMfrio. Km 
l«pn.to(mtDtfl9ll.ii9«M». 

iiijiri iiiriiii iitiTiinaiiiifiiDiiiLiiiiLiUL 

OukA. Inm. to I9IX «tot to iM te» 
tHatf to dm nmtrA nd dc*d«pMa of MQS 
Ul MMki^ Ht tos avrtcd CD I'Mbto CMOS 





S^p banta OnU Jan. eo Jomy 

to dniinto i nhri mtowtoi tm YdkotaM 



MatBotoa rWriiinlu Comndea. - Xmul 
HcTMOSUlB 



Mm* «w bm to j 



Ito miM to* BJ. to yfegnta bw Y«»pito Uimnliy. 

YcmViifeL Im. !■ im liJL tnm to »ta|iito 




.t'-^' -yrttorM«ttberabKiiaiUB)».lan«D 
l(:t;- ttpmbtf A i«u. Ito moM Ite BlE nd 



(My. 

to IVM ht totool ftUo&tote EkaiMto C» 
pcnte Oo^ lana. %bBt te> bMB n> 
Wrt b tb<igBpAgd i W ii iln i i i mm el MPS 
ur^ Ht vetted M titrm iMiMliite a» 

Bfan elito.fMiJ Sattovvr tw. 
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Tha SBus: 
Sun*8 High PertOfmBfwe SyolBin Buft for 
RISC Workstations 

Edward H. Frank 

Sun Mlcfosyaiems Inc. 
Mountain view 



fefeslast 

A ctiDcal tlctnest of Sm't ncenily umouiioed SPARCn- 
don I li in Rcnery ud t/0 oputtkm bat. wldch »c edl 
the SBm. Tbo SBu It • 13441 but ihit pravUei Ae »ano- 
ly bandwfdtft neewitiy » pio»W» to-Mniwewn mm by 
ite CPU •> wdl i» tow»«e»«y Mcm by W> dgwi ew wd t 
u Ethonn SCSI. Ibe SBi» U not • |e»en^^jipo« 
bKfcpUix buB. RidMr to ii tengned ai • tftran chl^tevd 
ImticonfieBi (w nse on • OPIi imnherbawd sad u ih« faiicr. 
fus n> I/O fliptniloa caidi ibsi directly Into da noth- 
crbond. IntafMlat » ibo SBm requHei only 81 rip«l pin*. 
TbU i»deit pto eouflt lotcUior CMOS-eompidble tif . 
fuIILiit promoolt tnd dccvicft) dunderlnfes. mikei ihe 
SBus Ideally ndmd to R»i*y** kr^'CMi CMOS pM ar* 
nyi. which m dw worfchono of low<iac U|h-pcffOT- 
nance R1SC« 



1. Introduction 

The 5Bv> b • Mfk'pafevoiaimi dcrvic^-levd but 9wi in 
Suo'a tcccfidy tenvducod SPARCtaiion I (I). The SBus U 
dnlfBBd IP toppoft die 'piffofnBAM and con c miuiiim 
inqjOBBd tqr a M|b-«DliBDs RlSCtescd deakiap wwfcn* 



> Synem dock ^eedi nri|lfig ftvm 16.67 HHi to 25 
MHi. 

- Su^pan for il-th Dma. Vinml Monofy Adteidnf 
(DVMA) for SBa n 



> AZS-Wiptqntealaddim 

> Bum cnode* thai allow 31 Wa of daia lo be nrnfocd 
cvtry dock cycle 

» Dynamic bva sbiai for S<btt tod 16-Ut devices. 

* Boa nnini tar mppontni ilow devices. 

> CMOS<oinpatSrit driving tnd toaAag, so tfiai O^IOS 
pie amyi may beeon»eteddirtct)y todteSBoL 

• OeofnpUcal devtee lelicdon. to dial ao jnnpen « n> 



nfilwiiion oaing Ronh. 



rh\t pipcj b an omvkw of tfic design of SBus. As «Ui 
moil bcsu diae b dw bsua of what b dieondeally poni- 
b)e on ibc bos vema what hippau ■ ptrdcotar faflpio* 
tnenaoon, such a* Swn'a SPARCstanea K Siaee die SBaa 
wU) be osed to a vttteiy cf Sua lystems. dm papei de- 
scribes ihe SBus gcneneaDy. and lefen lo tf« SPAROaa. 
don I only » iUoitfait one rf ouay 



2. SBus E>as}gn Goals and Features 

-nto piocasi of designing a Mgb-^ratame RISC w uifcmUaa 
cTqmici diM iSe designer eafcfnOy balance bsoes saeh as 
dRK^o-mnkEi. die available (tchnobgy. peifonnaace. fea- 
mm «Mt COM. CaHy la d>c design of d« SPARCsiadon 1. 
Sun engbiocn foenscd on CMOS gtte amys u the icehnoW 
00 of choice, lo doing w. h became appiiem dui die most 
oosi-cffecdve way to bttpkmem die syston was to have 
BRgle hlgb-perfbnsanoc bos chat could be osed bocb id ooo> 
neo the precesav't cache » meinoiy and at tbc tnterfsse 
for oo'board and plog*ln VO devices, 
la cnailni Ibe SBm. (he farcmon goal was diat ovenil fy>- 
isn paforaaMB atould noi idTer due to Die dcsip et tbe 
SBos. Slaee In naay fyiteois die SBos ««uld ba oaed u 
ifac liiiiir M iiMn belwcea the eielie tad niia oenny, it 
was nuBdmy (hat die SBia «ll«» otte*flns » htppn u 
fast as mala amoiy OMld piovidc die data. Henae rtia 
SBus oeeded CD auppen peak dstt mcs cegnmenswate with 
die fssi page-iaede data raict of eoncai and fitfate dynamic 



The nexi moti imporuot goal was dui VO devices, tnchid* 
teg Ediesnei and FDDl. be abit nty on the tame higb-pcr* 
fonsance, low-la&ncy access to memory fhst is ivifisble id 
ihe oczunl laooeuor. Tht nuan thai meedng this foil wis 
dolrable b thn h aDows htgh-pctfarmnnev dewtec* lo 
be Implemeated without large private buCfcn. ihos lobtmA- 
dilly (owoiog their cost 

Aaotfier goal was dial it be p o ssi bic to impicnient die inscf^ . 
face benwaea an VO device and dx SBos b a Iovncosi 
CMOS gaio<«fiy. withooi having to use ntcmal buffers or 
drivers. T)ds goal was imponani b that many of the I/O so^ 
lyttcns connecT id the system vis the SBns. For cxaaipls^ 
in due SPARCsatioo I. the SCSI and Ethemei Direct Vimi- 
it Mcmoiy Addrostng (DVMA) contmller. die DRAM coo* 
ffaOcr. and dtt frame^buffer caasDlltr are each iniplciweiited 
as a tingle ddp. 
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A flail goal wms for the SBm to be the UusrfwB Cor 1/D a* 
puuaoA. BectBie (he SBu wu desIgDcd u ■ mod iu bo M d 
lyUDB bus Hid m is • biclcpline bos, li wu po srib lt to 
■diicvc this fosl ^ keepiai the ^ijnleat tfimeniieRS ef rin- 
flf iloi cxcttAiton oftfi m t inodcxt 33 inches by 6 faidiet. 
Thtn. Che SPARCnstioB 1 pnMde ) SBut expsMion 
ftlou direcity on t motheibord-chst nsssurct en^' tneh> 
a by tl isdiei. cv«n gives that ihc cnothcrboenl coftBuis 
•II of iSc logic for tfw cMito wofksatien. inehMfing mlo 



Tbe pocibiimiop of ibtsc (cttb scfvcd to ictsonibty con' 
sffiin the spisB of possible vcMecnaos for tbe bm. Tbe 
p cf f on nin c e crltals manl idiii the bin oogM lo allow for > 
sytWD dock of 30 u 25 MHit. ifnee ihb fange b eompMlble 
with fasi'page mode CTcle tfatxs of 1 and 4 Mbh DRAMS. 
At the tamo e'ne. the desire to ese the SBus aj the VO ex- 
panako bm. to g ti h cT «ld» the dettra (or nogta-chlp CMOS 
VO tniofacea. acrvcd id make 25 MHa a reueosbiB iomI- 
nnzxn cJoek freqoeMy, dse Co owcnll bn capsdnnos ofid die 
drive aUUiy of typkai gatc««nsy ootpot bsfTcn. 



3.- SBus Dosign Principles 

Meeiiftg ibe goals diiinajed ebove resolted b three m^or 
dedp) pfinrtples that are idkcttd ihRwghootdic pmeoob: 

1. SjrMhroRoia operation. Tbe SBos eonsoUa b le- 
ipontible for cenet«dng s (Ued-Croqiieiiqr dock ta tfic 
range of \6.€7 MHt to 25 MHx. AD lignsls ne safl»> 
pled on the filing edge of this dock and una by drfvca 
inch diat 6cy meet ihe.SBos seop-rtme aad telA- 
dnw leqxitoefncRts, under cooditioos of ««ni case 
skew. SBm bitcnvpts aie allowed to be asynduuioic 
li b the tcsponsibiUty of the eonaona to 'syodDooias* 
aioB nihe lystfn dock. (Sec Fipn 1.) 

2. Active tfrtM^ htm hiviai been aiscrad, • vumt 
eeAsd lignal b aetivdy drtven to Its unuiuBrf sm 
befon the torn lemM its drWe. TMs pfadpte U 
needed In order to drive die bus ushg (be CMOS Old- 
put buflcn found en typical *tnyt. The ahuiudw 
of tmng open-dnin ngnsb and puUup renncn ««ald 
have been too alow and would have rasslted In «ide> 
slnbU sods power dbsipodoB. (See ngun 2.) 

3. No driver ovcHip. No ii|nsl (accpi ^peo^dniii to- 
lenvpu) it driven by two louroes during te me 
clock cycle. Adhering to (his principle gusitaiBci An 
output driven never fight. In this way the SBos avoids 
probktns such as unreliable op era ti oa and csccnive 
power dinipation. Onoo apin. using opcnMhmb oui- 
puta would have be«n ioeooipadbla with low<power 
CMOS. (See ngutc S.> 



Figure L Synchfonoui opetsnoft. 
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4. SBu9 Signals tmd Expansion Cards. 

The SBu uu S3 -fiot Car un w iimikH ow. A 
14 pint ut mcd for powit ud pound fn iKe oit of SBn 
cxpinslon devtoes. A ifj){tfe-widd» SBu opansien onl b 
aniimiimidy 3 J Ifichei by 6 india tnd conMca lo te 
SBos via • 96-pta htxh-tlenriiy cc no e et or. An opandon 
device is allowed to lead each SBos ctfnal -aidi 20pF of ea* 
ptdunec. and ai 20MH< t«d» devke matt be ab)« lo driv« a 
load of 120pF per ntntL Innalty. each upuuion devie* may 
dnwapn 2ainpsM5«olta. 
Table 1 baamnmifyoldifMslinali. 

5. Typical SBus !>y8teins 

Aa with mm syvioa ioa^TcoBOflcu. div SBvi can be iiaed 
to a aocnbff of oanfipaationa. TYw SBm w«a ari|jsially de- 
dgncd wttti iha oodan dtat die CPU waa a ape^ purid> 
paw on tha SBua. to Otai It mea a ipedal path dooofb die 
SBm oonnoltaj to gain at«cas id iha bua. W* caU thli eeo* 
flforadoo a bBn>b«aed iSBva^ HtMotoaUy, SBsa maatcn 
uae ttc oamUdoB hardwm to die SBos oonerollsr to sma- 
tate die vlnoal ■ddma thai the oiattv haa placed oo dw 
data Unea Into a pbyikal addfcaa diat dx SBns oooireUcr 
fUem oo Uw addraaa lb«a. Itw cenooDcr then aani dm 
SBua cycle by aaaefdng nddictt ibobo. beglafiliv a *ilavc" 
cycle. What oiakcs boM-baicd aysom ipcdil b (to due 
10 die CFU'a ipeetil padu Ot mnaUdpn pbus of i «m cy- 
cle ocvcr. lakca plaee on dtt SBoc li la iiavimd din die 
CPU hai a (l«|icany. ai leaai) private addrcai viailaiien 



However, dicn ii noditoj ikai aaya thai dw OV maa have 
dds ipedal pan. tn mdpnandtog bow die SBos. b b bk- 
rol to comUer *^ynnncote SBoa lystenu-. to %hich all ae- 
ceuaa to die boa. Inehidtai dw CPU*a. an DVMA cyeka. 

S.1 Hott-tesadSButSyttunt 

A hou-^aaed SBua. aa ihown In nfm 4. b one In wUeh 
die CPU (for caAnple, i SPARC pneeaaX oaes die SBm 
as hi prindpa} mcmoiy <nd VO bm. In moit M|h>peffer« 
manoe tystsnis. die praccaior will be connected lo the SBoa 
via a cadic tnd memory ntana|tTTcm uniL Depen^g en cft* 
aa impleinentatkm detailv die tystem bos interface tn die 
cache and MMU may tinipty be the SBus tmcHace. 

A» raeraloMd above. thU conrvtandoa b ihe one for wUdi 
die SBos waa origiaally dcalgned. Bccaoie dw praeenor 
cue tnooipoiaies the SBut cuaaoUcTi n dues dis pracei* 
tar appeata lo be a apeeial SBns paniopasiL Indeed, as will 
besoine appamn. die emly itason we need to aepajata as 
SBui eyck to to a nnilnton cycle and a ibve cyd9 b (fan 
b a bost'baaed lytien^ die proceuor doo not ose die 
SBua DVMA mechanism to oanslue virmal to physical Bd> 
dzcssci Radia; die proeeisor uses a doeet padi to tbe 
MMU to dilt purpoic One icasoo to hnplanentfaif ay»> 
icma to dtb way b dui die MMU may want to pfovUa ape* 
cial icivfeci to dw preccasor auch a bfter vkmal adteti 
apaee. ablUiy to handb page fanlia, esc 



Twicl. SBusSlfnals. 



Namo 


vo 


Dascripden 


Dftwenfiy 


PA(27.«| 
DOlli) 

Roaa 


1 

vo 

I/O 

1 


Phyoleol Address 
. Data 
Translar Size 
Transfer DirecUon 


ContfOfler 

CorrtTQllftr/MaatOfVSiavea 

Contfoaar/Maston 

Corutdler/Mastms 


Stavei^oloei 

Acfc(2;0). 

LdtdEfiDT. 

RequetiL 

Gmitt.. 


1 
1 

VO 

vo 

0 

1 


AddTBse Stnobo 
SlavaSotod 
Aeknowiedpe 
Memoiy Eiror 
BusRequost 
Bus Grant 


-r-Cortidacr- ^ " *^!:.. 
ComisUar 

ComioBar (orw par slol) 
Conuoner/Siaves 
ConuoOeT/Slaves 
Masters (one per master} 
ContioRer (one per master) 


WHaqfZ-.IL 
ResM.. 


0 

1 


Imemipi Raquasi 
Resti 


Mastart/Slavas (opon drain) 


ExiBKion 


I/O 


Ftibjvvaaisnriens 


CamiQliar 

Mastan/Siavas«oniroller 


♦8V(5) 
♦12V 0) 


PO 
PG 

PG 
PO 


Giwnd ' 
• Povior 

♦ 18 Von 


Comronar 

CBmioiiar(2Ampsper 
slot, max) 

Comionar 
Centioaar 
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SBus 



FPU 
lU _ 
Cache 
Clock 



KIMU 



SBU8 
Cntlr 



MMU 



jSBSmI 



..PR ftM 
■DRAM 




rifait 4. A hon-taMd SBu lymn. Tike 5B« dawfeea ttown m tfia OMiiiied in Soa's 
SPARCmtlofi I. Note. homr. iKu lo ihs SPAROndos 1. ibc SBus oemwjUer it phyiJ- 
cillr pin of Oete Mrf MMU ASICk 



CPU 



SBus 




Flpin:5. A lymmetric SBui lyiiem. 



b BMne very Mfh p fc rt uii i a u i ic lyAcna h may be dodnibJe 
forcteSBoBiobeafdettlxfer K>, ttd am n ibe pnxa. 
»*l puh »aMin mn«y. TUi eaflngmthui my bo weftil 

n Wa.Iiim« ttie h pneeuor fen to SBu imafioe wUl 



theSBoi. 



; maoni dut VO mstos wQl be on 



5^ Synvneirte S&u» Systerrw 

bi I tynuncfric cmniundon. at tbomm in n|urB S. dtt host 
CTU u icknricsl to wcry oour muter on the bos. In lUt 
case, ihe SBos controUe- b nsportsitk for all of tfie cesinl* 
bed f unetiom as dimmed above. Hob that ia dtU cmflfa- 
nsoQ there is nothinf du( prevaui the CFV fnm hantog 
pnviie otemofy. as welJ as hs own MMU far piovidtaf 
0iitsluf on icrvicea for leeeu to diai memory. 
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6. The Basle SBus Cycle 

At iOttsmtcd in FipiK 6, • oxnpteic SBui cycle, whicb wc 
ofocn ciU p DVMa cyclB> conNso of i ovuUdoo cycle, 
wtncb rcnhi to • ptiysioR) wktico bciitt placed on tiie t»tu. 
■Ad ■ ilave eyctt which caum data to be cnnsfcmd be- 
I wees the rraocr and the Uavc Wbca ihc CPU muta i£- 
cctttt (he SBu ta host>kued lyitcma. no tnasUbon 
CTCle occtn on ihe buu 

6.1 TnnslsUon Cycl* 

The nmlatlon cycle bepoi when the SBiu cenBoUcf. hav- 
lat dctened ihn wine in»Ker hu taicnod Requast. do* 
cites 10 pint bos access to dai muier. At Urii bne 

- The SBt» cemroUer «iill ai.aeR Gmnt. for that m»tm. 

• Oo Mxt rtslnc edte of Oo(^ ibc celcaed nasicr wflj 
saiBple (arant^ as usemid and imst ifunediiidy pUee 
a vino^ tddma onio Dp) A) for exaeily one dock ey- 
cle. Hie raamr imin ak>. drm Sz»(2A) tnd Read lo 
ihdr ippispriiie vatDO. 

a Hie SBbs ceninOcr will smpic ihli addicn oo die M* 
lowiog tUni cd|B of Chick. If ntiis ii wiMnj to 
die slave, h must pot ihe (tan woid of data emo 0(31:0) 
udiisrime. 

• The SBoa comiollcr iMitt dteo oanslate ihe vtnual sd- 
iboa. When the SBta <OMreOff p!aeei i phyikml ad- 
dreu onto PA(27:0} and auens AddressStfODO^ 
tfie miilBileQ ends itnd dw dm cycle beibn. 



6.2 GlovoCycto 

At the bctinRinB or a Uave cycle the bus cootmUcr will: 
- lucn AddracsSirobo^ 

• ^vc A physkal addceit ooto PA(27:0). 

• asaoi 8lav«Sel0C(. for die dealpiated slave, 

• and. itt a hott-btsed synem. Road. Slzt(2:0), and 
0(31:0) (if perfenRiaK.e wnie). wU be drmn at dds 
time. 

tht aeleeied iU«e dien has op » 2S5 doA cyda to per> 
farm the leqtiefled vwsfer and lixut a noo-bUe idnovl- 
cdpncat oe Aek{230). In ttie cast of a bom mnsfer 
multiple aeknowlediraBiiia Mil be gcncraR^ by the slave 
even ihoefb AddreSsSlrebo. ramins asKrted Cor tka en- 
drc time. After the Ua aekaowledpncDV the slave mm 
drive Ack(2:0) back to die Wle nate far one dock cycle, and 
in the roUowing clock cyde lennvc Id drnc. Uie£rTDr_ may 
be assencd by the slave two dock cydes afta A^S^ is 
arcened. In Ihe ease of bum ffansfen a lUvc diat to capa- 
ble of tnnsfortng a wd pa cycle wiB leave AcMW) ii- 
sened for die each dock cydc a word U being maifenedL 
SUve> thei icquJie moie eme ouist drive Ack(2S) back id 
die Idle awe dtateg die imcrveatni liine. In all cases afar 
the ftnl Dm Acknowledic 0ie slave taau be ccmin id 
ttfve Acfc(2fi) back B die idle suie liw ft cyd^ and thn 
icnovc Us driwb 




."*,;'. **r" cr*.- :' \-^jTsja.-iit"*^Gti&:::^^ 



Flpirc 6. The baste SBas cycle. Ill uandnt bodt oansladoa and slave ponions. 



I» 
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7. Porformanoe and Letancy 

One of the prindpil miaiaks behind the MtP o1 ihc SBtn 
«M the desfae for hl|li pcrfomMCt. Tbc obvioui rcuon 
SBos pc rf WB ium it imporuRi b ihit li b ta lisniflnm de- 
men of owmll lytisre p«fonii«noe. Lcsi ebvimtt. but • key 
moihndon bd^nd Ihc desigii. b ihii hsvlot • bith pnlor- 
imnee bus cia nduoe ihc con of bot oiutm by aUowtni . 
ihc noflcn lo br« t nsittiinani of p(fv«u boffa mctnory. ' 
Obtfiowly 10 fiaOM ibb a.pftbUtiy. • (Tstaii bulb •round 
the SBiM mm oielude bi|;h*perforattnee ijfnenn fnemery 
ihjD U «bb to «sdsf)r the mv budwfdib icqvinmenii of dtc 
tfevkd an ihc bnv Cart/rUy bnpltmeoied SBos lyiioni 
ihonU have no treable keeping op with I/O devises nch u 
FDDL or coitfic doce wuif of these syscras a^Q be 
cho SBex «i (he CPU'l maiwy bia. lywan aiitf baud de- 
dgpen not <cimldBf dia iinpici oo GPV perfonmiiee if § 
mstter uio • tiibciaiBid haeilon of the ranined bui 



tUw SBa perfofmanoe b provided hy aDowing t ■ytteai 
dock «f «p tD 25 MHi. 'nsnfb b sil^ h«v» bean ptmibb 
to dcii|« Ibo 8B<M lo nm M' hlfhcv cloek fraquowlca* 2S 
bOlc lepfcaaAli a nlec btJuoe bcnreea oldniaK pcffb^ 
ltd caaa oC tyneni dulf a 
e b^l by difhreni c 



Potentially, the SBoa can muufD* a word every dock cycle. 
So at U MHi, die SBos has i peak data ns of 100 
MBAeeond. The SPARCmedon 1 implonems a 20 MHx 
SBbi le its peak oansfer me b 10 MB per woend. la 
terms or tufafataUa mndet nm, dw SBos pnviles fv 
bum waScn of op to K wnids (64 byial. wlA die op> 
poRimzly for cm weid to bn tnnsfaicd cadi dock cycle. In 
dw cue of a beefbued SBos. wbeic t CPU ttutm can 
ovcriip iddftn oualnian uddi an cariicr bm cyele. n few 
as two eydea of e«cihead aie possftle; leadiaf to a bom ' 
mntftf iMa of «4 bytu avcnr IB cydcs or t» MBteeond. 
lo dw SPAROBsdoa I. tium raufcn an Kmlud lo 16 
bytes, end take It dock cyisbs to die caK of a CPU •cecss 
ID lysiem menory. icni}ilo| In ■ tuttaluble bum truufcr 
ftiB of appmiifoattly JP MB«keoond. 

DVMA muitft wlO iactir « last an *ddiilooal 2 clocfc cycle 
s,-=SSa?5«^Jw «»»n»bikin cycie. tnutriftf fc a rrtfotmum of ■ 
20 cydes lo oansfer 64 byaa. or SO MBAecoad u 23 MHs. 
Ones nf«in iht InaMliiy of n mennry lyiioa lo piwids data 
u tfili me ray redwx tfib perfomunoe. Fdr example, lo 
SPARCsoiiaD 1. only 16> byte bom oaaxfen sia siippoiv 
od for DVMA. ind tudi binsti reqoiie 13 ctodt c|dcs wb«i 
aoccssinc rysiem memory. *l1ws at 20 MHa. as SBus naa- 
ler {•» • SPAROitaBoo t c«3 odiievc mmrcr mes itf ebooi 
25 MaAeand when oaasreirint daa id or ftom system 
memory. Hon diet the trander tits (n a SPARCkiaiioa 1 b 
Undied ^ lynem memory, not Utt SBui per sc. 
The otho Inponiat paramoer ihit afTeets pefformsnce b b. 
lency. "Hie SBos adAcsses bteocy in levcrsl ways. Flm. 
the maalraum teaidi oT any idavc eycb b 256 dock cycles. A 
ilm lhat lapiiKa addiiienal dme to eenvlett i 



Second, no mm ihsn eight bot misters ait allo^ to any 
tystcra. and arbintion beiwreen diesa masten b fdr. Thoi. 
the Bbsohne worn cue bieney for a master It approdrnm- 
\y llSiiiatt6.67MMs. 

A more likely Ittcney condition in • high-performance sya- 
teni if ttat on ocmion i muco may need aeoets to die 
bnt wtiiie some odier master b accessing a dow lUvc to 
ihb case. tf« Uuoey can be ittfhdy imt Ihrji 296 dodt ey- 
dea. or ISiaai I&67MIIL 

Ttteugh tome davbei may need to be de4p>ed for ««r» 
csBc taicfwy. tnon VO devices can be d isi intd based en 
peocd bicncy. A good cumple b a device iweh aa an 
Edstnei comroJIa wboe system pexforaaatt depends do 
bavtof good average esse p o fcwas ncc bot the system wSD 
not mslhinciiea (thoogb a few pockeu may be loci) If wons* 
case bteney oecon ooee in a wbila. Hence, a more typical b- 
tcncy condiitoA b thai a msster most wilt for other mss- 
ten to complete thtir SBos cydes to tysteo t o ep w ry. In die 
cue of SPARCuadoo 1. the «vm cJip c u ad Utency b 
whBD four maiim sre ill cony etin g for die bob 
(SPAROmdeo I has du CPU. on* eo-bovd DVMA mas- 
ter' used for Edicmei and SCSI, and cwo capanilM tleia c»- 
pibk of snppotdni DVMA mastBi.) AisiDdBg dial all fbv 



vansfers, a masto wiD be able to transfer 16 bytea of dm 
appTogomatdy every 50 etock cycles Cll ♦ 3*13). At 30 
MHi. dib msdis to a OMafcr ma of 6 MBAeeeed per 
SBia matter, or appioximaiely 24 MBAaeond agpegue 

ihroughpuL 

8. Conclusions 

The SBus b a new kmd of system bus that reflects ilie 
needs of bith-performanee RISC-based wertaatians. The 
SBus was designed n opiindss a number of p ef f uiiianeo 
and oosi objectives and to doing loc 

* Provides high peiform in ec at vciy low eosL 

• Takes advantage of modem VLSI ttduietogy by allowtoc 
low powd CMOS devieca to coooea id die boa widmi 
die Mcd dor ipccbl driven or nctlvui. 

_ « C kwHnio ai u ^dM-Mgb ^.uftaiij.. - . .^aipw^Jlbbj^g^^ , 
'maehlnes. can ba built at cosii"'dM*aft rhon lypied of 
PCs than wobiadofis. 
By providmg low^con cxpanuoo capabtlMcs In iheir mi- 
china. woAstaiioa vcndon provide opponnnidcs for cw- 
lomm snd thhd paidei to add vstue to their tystemi. Uh 
deed, the SBus li one of die mediaabmi Sun oscs to insofv 
thai our systems sic open. Thas. Sun «viO be msktog die 
SBos avaibbb » devdopen and custnms so dui dt^ 
can buiU npaniion ends dm t 
SPARCnaden I. 



Ifcft »M»I acsaiold*!.. A.V. art FM. E. & 
■gABCmiim i; fcrma *s w fUda^- smTa. 

cMbt. VWX. HaS.Sprii« IM9.pp.46.5l. 
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SESSIOK XIX: HIOK OENSirV SAAMi 



WITH THt ADVENT OF rurt.UHlfakHt.li** i«( 
•Ml bMOWaliM •! »iftUjiUt.rfW;«««.^«r-- 

MIPS. Oil IM WW ktirf. itM ipctd •/ *« nrittm ¥w bfiU. 
tkr(r to- WnuM w^-rfM. 

at«r«p»n«ofi bm •^\f mtmaJk*. ind oat wUirf P^mt 

muitpmua mtu 

A ItftiuVrwpw* l«»IB|t«l adln mumtf *Ah IK»|1« 

4f fpOi i*mt NWMMftr W|Ii*«»<o«bm« 
lik tad Mb t*90fiMu»n***'^, •►wh ■»*• •» »tf U ffed 
rm* 1 6MHt w klfhtr. othMito r»tto afka Dmii S)k ind 

Tha Km 1«o rtvidnmcnt* Iff liM cstbt awRMrr l» 
apmM ■! m ima ttm •! km l3kt» Ttet tfm tdtnu mtU 
ri^l I* *Mdr«famL •! m aeett* (tm* •! (•■• ikM Mm 
fiMi iif«b# tffMl I* 4m tiU. 

Knili« ••«(•) fiMdlMu fai Dm odu cM^ »«« riMlMd 
bf wmpntf «bmbtteit i» «bubi • Mbttm to tkt ciiht<iBia 
»atb. SliMlvrian rften J tkit • dito HMwry «f omm llua 

wu ri«fiiM It k« the CMobbultM •! * «i*t]r »rt •McblH* 
pUccMiit «lm«ltaw tftbrtu bMk liic IRU f«»lai<«mi 
•hwttlnt. and w •! p^ffldk 

TW riMi dmwd «m tchkvfd b| aryvrti Miiram for Ihi 
Mf U aad iritnB b«H». aajittdnwaw •perciiM b«|wtM both 

tiM'fl7<**nbw. "'^ 

Ttw* ctdi* hm b*M iMylnMnttrf « li(|li.»pt*4 i»l>c 
RAM Ml b cMtraM br tfuat.fMt4lrvc1«rr ««m>«oHm. wiitch 
■Q»«' Um aeli* mmorr chip to coamnSoti «<th lb* MrU 
wkO* bcinf •f>-nc>iiwioaly moiitoid H* the iTttciD bui 

fbura J i»w»f t MiBjfi/kd bkdk'dbrwH of thitlaltmiaa 
eidw tainofr cMpi 7b« daiiBicBiery l>icct«ttr liwb> 
d1«Ucd into foiv pmt 9f 121 aiU s ]6 bytu cadi w nufw dliic 
to il» 4.«ror «* u>»dMl>o t*'€»^t akortlbAb 



ukh-. fucc Dtotrr or ncmttCAL fAtt^i, 
•.ft*4t«r«%..itic 

^A»%mmi ManMiloo lOltt. tout. 
'MCUOniAMWropi 

•Oo«w aU •A a 

0»CMf Vbfsal M*»«ar Ua»afMO«|-. tttCC OtetWT Cr 
TtCHMfCAL WZMM. », **-ltiraW tUt, 



JU aMr«*b»(»nMtlo« tfm t>« MfUbf»««ii to a S7h 
tiinm biltrf act ai Un bft aac Md tbcn um ^trntd wttb Urn 
cmtKMi or tbt addfiM TAC a tift oay. Tba •aOdliy W cbatbH 
ia tbt beorpontad nU MMo#y. Dwfaii ■ «adM>o*liior wrUo* 
crtbt. ite addK* tof MiMtlo* lo Dm iNta MatMfy to Maflabb 
it«fei«b iht Ub «r«*w bw biwKaot il d» fUfci df t. 

Oihar fanwt* and ^Mltt Wa an dbDv« h Tabb |. 

r«iii« S alwwa iba aworonM for ■ udM-Ul ifdh Tbt 
M»« tiM immmJ bM«MM Iba addMaa aUobo aliaatol tbo 
MrUMidlhodm»aUb4lM Thaiudyiitmltfpmiil 
SSna aflar tbr ad4itto airoba aTpul ha bMb Tbt abA 
MM mrA tfm for a bb f *tad/«t<tt) b M«, 0>Mlb« VMft 

rifiirr > Aowfl spanitat m<if<»» far awaai Ibatt Mi n fdM M 
tt a ta<lM-4nlu rr^ appur b Flrwo 4 

n« dtip collate 63OJ0OO iftMUMn b a IXIM s U4)m« 
dla «!*• (F^vfT JV and b ptdafrd te a l»-rb ^CA. Tbt 
lidmbfr wad b ■ donbh^wtaL po\fadt%»n Llfflo OI05 



Oibat futowi bdNda d«t^ t*w iMubllltr a«d parflr 
aP tba tm^mmry biwa tbui . Tan Q^totlt aP 
RAM»tobta(v«Mddb*cllrtn'*b«fMd. Am 
liampbycdta«oa«tolb0a. 



Tb* aoibM* «..yi to Uiaiib & Malawa. K Sibaio. & 4bkaka. 
K MaromL 0. Kbnwn. K Ytmttk*. & KIkoAL T. Obirt^ Y. 
l«oM. & Diadai. trd oibcfa for tbair ao f pow tad caaooiHiiBflrt 
Itrlhtipipv. 



tiCbrua(librt« B liSafitaA^ya) 

4^V«F aai Moaialt** 
UtU(UtatlU«mtlyUtad) 
A a idboaafOMMMiMMa) 



A^«ob 



Mab MatMKjf Mcaai I 
iHf««aaabta!^ 
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Self-Timed RAM : SJRAIVI 



• ChOcai OhaD 



'pimlt&tpifttf{tta-St?»abviri9U)'' 



A STBAM b diHtr«« <n>m tonvntlwil RAMi btfiw. h h» lywhfOftiHif eperfdon wd- 
« orKhIp ^H. pub. g«».mor. Thr.. typ« of STBAMi m pr«r«t.tf inthi.p.p.T. E«h 

«««1^Tcytl. .P— IP ti^ thn of . co«««i»*i«l BAU. Uino .UM*y tmbTshtd 
preeM tiehnoTogy. F»JHlu dmioptd • 1 IC Jt 4 lundvd 5TRAM htirtng a cyelt iWnt of 
6»»Bd4Kii<irrRAMIrf*ipi13meyelitlnn. ; . 



I. Introchictten ^ ^, ^ 

With the inoeians lyilem jpced of high- 
. pcrfonnince d«t« pit>ctsslnj equiprowu there is 
a cojTtipondJfti JiBed Tor hi|h-«|>ced mtmory 
devicei. Jra pro vein tnt ol" tht incnioiy jpccd .haj 
niosUy been achieved by the inUoductidO of 
new process techno)o|y. but this It beconuns 
increasinsJy di/lleulL Era If a hifh-fpecd 
menioiy dcWce e»n_ be derdeped. il ques- 
^JoiiPUe wSeiBtfTSTdei^ee perfonntnee wUJ be 
optimized at the lysten level For conventiontl 
RAMs, tifr^ii«vixqu|:TLrr~r.t2, CD-bo«rd 
stpial skew, and the dimntty of pnentln| a 

^*ianrow write puUe under a heny on-beaxd Jotd 
i^havc made jt diOiCuJ! to Jnipnrre the syflein 
)e^*el perfonsance aj imieh is the speed of the 
snemofy deriees. •• 

For these reasons, liie -SeJf-Tiined JIAM" 
(STRAM) has been dereloped « a synchronovs 
RAM havjns a new dnniJt ajchitecttne' which 
can improve ovenO system pofonninee*'. 17)e 
STRAM is buih tuinf the* same proces lech- 
xioio^y as conventional PAMs. 

In this piper, the bade stnictujt of the 
STRaM is described in Qiap.2 and the latch 
and Register arc deilned in. Chap. 3. In Oiap.4, 
three differmi STRAM coniicunUons and iheir 
functions are explained based on the infonna- 

^ tjon t^tn a QiipLl «od 3. OiapierS ^cws 
I he ad/aniafcs of 5TRAM over convenUonal 



RAM by compaiini these two types of RAM 
usins * system model. Tht iKx 4 and 4Kx4 
STKAMs that Fujitsu has developed are intro* 
duced in Qiip. 

2. Basic itruetuft 

The basic bleek dlapam shewn In FSg.1 
showy that STRAM dlffcn i^oni a conventlona] 
RAM in the foliflwlns ways; 
"'O STRAM hu a cvcidt which tcmpoxajfly 

stores the input and output data 
: „ „ TTjc input buffer $Mic of each?in«7Ut-~orihe ^ 
convenUobaJ RAM: Address input (ADD), Data 
input (DfH)> ^^^^^^ ^P"^ (^)* ^'^^^ 

BAsble input (^S), is replaced by a data store 
circuU in the STTIAM. For output. STUaM aiso 
provides a data store circuit in front of the out* 
put bulTtr pte. 

2) STRAM hu an on<hip write pulse generator 
Due to the intemaUy generated write pulie, 

it is no lon|er necexxary to cxUmaily control 
the write pulse width using the W£ input. ^ in* 
put only provides stale information to the RAM 
whether it is iajhe nid cycle (WE « high level) 
or write cycle (WB ■» low level). 

3) 5TiUMhasacloe]c(CLjC)input 

The data store circuit and internal write 
pulse generator for anides 'l) and 2) abo\*c art 
controlled by the clock (CLK) input. STRAM 
has synchronous rtsd and write cycles. 
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WrittpiU 



yij. block dI»ff»iM of RAM ■ 

STJLOf 
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LP 







OK 




Fit. 3-UlcJi G^vd «eatf live iyp« Uicfe). 

STRAM wlatienf bued on Ihe type of data 
Store dTCuit m desaibed in the foOowinf see* 
taons. 

3. Definhionof Ifftchrestiter 

The d8U store dtcuits shown in FSc t etn 
be a Uich type or it|js.ter type. 

Tbese two types uc dtsatbtd below. . 
I) Lalch 

The bich deAncd hare is t D-btcb type' or 
*1cvel sermtive" type htch. FIgUTt 3 shows thai 
the jnpul dais (£>)b conlfolled by the kn> of 

LD inpul.D is tniispsrent to the outpiii iQ) 



fib a-iUpstir (Edp stiritlTc 9p» htCb). 

when the tD hput is low CIX The btfih Is ^ 
doted and jD cvinot pui thnnifh the lateh 
when the ID input is hljh 00* 

The LD ^pot is contrpSed by the cloek inpuL 
Timins references bciwecn the extemal dock 
input iCUO, input data P), and ootput (C) ve 
shown in fg Is the setup lime and in U • 
' the hold tune of Input ID) with respect to the 
lidni edfe of the CLX inpuL These provide the 
leQUirBd eonditions for the JatA to haSiLihr. 
assisned input data. 
2} Repiter 

T^^':l^^-^^^"^^'2l'^vrM • of l»t<'h?s?,5-;r 
connected Jbn seiiej. One UtcJi is controlled by 
the LD input and the other by an inverted LD 
InpuL F3pxre3 shows the tlmins refeitnoes 
between the -CLK input, input U?), and output 
Iq). The re^er is edge uosti>e and controlled 
by the edge of the CLK input. Therefosc, output 
(Q) xemaim stable throoshout the cycle Octe) 
far the lesbicr, unlike the data-throu^ mode 
forthehlch. 

These latch and icpstcr structures ve 
advantagedus for chip hyoot because the latch 
or register aa be easily buill^n ussnf metal 
option technology. Therefore, the diffetent 
STRAMs explained in later chaptesa can be * 
cadly manufactured. 



1 ; 
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A Types of STB AM. 

' -Vinous typei ^ STRAMs ctt be m«ni>- 
facturcd depending on ihc type of input and 
output t^^x Jtorc dicuJts. Use of the litch cr 
"plwned in thu pjewous ehsptCT b 
optional for the input and output d»ta tixai 
ciVcuiu. Tuuji 4 »howj thrtfe typiol ST^AMi 
,),,t aft dticribed in iWi chiptw. HjurtS 
jhowf the tixnins chart* ol the»a.STRA>li. 
I) li-mode 

jfl the LL-modc STTIAM. latehei ait uted 
for both the input and output data nortdrcuJti. 
The Jatchts w. controlled bjr the Internal elodc 
signal. The clock rignal to the output liteh is 
jn^rted. TaWo 1 lifla the input and oiilpm 

/ntch funciionf vlth rejp«rto the CUC Input. 

'nSib table ihewt that the input latch and the 
output latch opcnte ^oa'le to one another. 
For example, duiinf i£c Bih CUC input xtate, 
tho input latch is dosed. Uie output iJtch is 
transpartnl^ and data is read out at the output. 

. Thertfore, any change in the input itaie doM 
not innutnct the output diU. During the low 
cue input suie, the Input Utch bccoaca trana- 
pinnt, and data from the mefflory ccD tries to 
pas throufh to the output. However^ dati read 

. out does not occur before (he next high level 
— CLX Input because the ovOUit latch is closed 
during that period. 

A fealuse of the LX^ode STRAM access 
mode is that output dau can appear at the out* 

-.•jt independsiiY of'lhe-c>>eJe:«e«e. whc'.J.^= «c^-yr^-: 

^up time for z66x^ inputs is coatroOed to a 
relatively small value. Thin throuihmode acccsy 

('aiado)) " ^ ^"'"^ ■* 

addres acees time of i conventional llAM. 

In the write cycle, write operations must be 
completed during the Mgh CLX input stite only 
when the address dan Is fixed in the latch u ex- 
plained in Chap. 3. Both read and write opera* 
tlohi of the LXrmodc STRAM are pcrfosned 



Table 1. lapttt and ouipol bleb epcnllenSBlXcscda 



cwH> 



J. 



■) lI#node 



CLXlApat 


. Sapttlbicb 






T/ampafRBi 


Oosal 




Qewd 


Tnas^rut 




c) RL'inedc 
Tifc S-TimiBs chirti of thnt iypc» STRAM. 
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LL>fPod« 


RR^edc 


)t2/«>odt 


Oeckinc 


ibni to 

tudor vriu. 
eptJiUon 




Duly nUo 
/«* 


• RM< eyeJt 
1 


Adtffcst 
icecsf oiodt: 
Idwtict] t« 
th«eoiivai- 

•ddr«0 
•eciss tin* 


piult 
•ymO»b)t In 

axeyde, 

bDthJjb- 

ipf td ttecsi 
Iron the 
OJC edit li 

fntnttd. 


thtsant 

butJtku 
•ens nod* 

the 
CUCcdtc 


WHu cycl» 
1 


Witt* , , 
ppmUon li; 
txtcvtcd 
ojihr for* 


VflU. 
opcntlM 
cube 

ihrMSh out 


Wriu 
opcntfoa 

CMbt 

cxcntid 
through cut 
Iht cydc 



duilnx the hi|h CLK Input lUie. Thiis,thtf&ba . 
minimum required time for the CUC Input h>ch 
duration (rvH(CLX)X 
2) KR*mode 

The RR-modc STRAW «s« rcpjim for 
both the input end output dftta ston circuits, 
^/nature of the jejMter, M^m.d Jh. Chap.S, 
. 'Ti^thot'Wlfi*'hbidlh« the biputdm rndlng 
the output dau are controlled by t)»e CLK 
Input 'edge, but the output daU canupondlnt 
to spedfte Input dati^^ass.riol become ariDable 
due to the svnc (XX edge. In a KK-mode 
STRAM» the ivad (nit data is aviUaUa M the 
next cycle as ihowx. in Fig. 5. Hiih-5peed read 
opention Is enaUeii because then Js on)/ a 
delay in the output icgister (/i>x> vflhout 
Sdng through the mcmoiy ceO array. 

Jfl the vriie cyde, unlDce the LLpmode, 
there is no minimuin rcqubtd time for JirM(CLX) 
to guanniee the complete write opentioo 
because Input data ytmains stable Ihroughout 
the cycle. 

At elated jbove^duty ratio free CLK bipul b 
enabled in the RR-mode STRAM because xtad 



T 1 




ind write qpenliont an Initiated by tht-CLX 
input edge. 
3) RL-mode 

The Rlrinodt STRAW uscj i re<J«cr farthe 
input data store drcoU and a latch for the out- 
put dau-stoje drcjli. Holding the input data 
and the wrfte cycle h the nme ti for the RR- 
mode. It i$ different from the RR-mode STRAW 
in that output data Is available in the eame CIJC 
cycle because the output latch 'is transpajtnt 
duilat the low CUC input atale. This is Aown Sn 
Fig.S. 

Duty j«t!o free. C2JC input is also ensUid in 
the RI-ffiod« STRAW at in the RR-mode 
STRAW* 

Tht aaiD featusts of these thitc types 
STRAMi arc summariiQd in Table 2. 

5. Compirison between conventional RAM.. 

and STRAM In a system model 

To teiify the advantagu of STRAW over a 
conventlonil RAW on the synem level, piey 
were both appBed In the system model shown 
ih Fig. 6 and evaluated. Figure 6 shows a systesn 
mode] in whi^ seven) RAM anys are eon- 
tJoDed by the CPU^^e C?U drim gencntes 
an Address aimal, CS slgntl. Dm signal, and 
^ signal wlUuh jie t onvcyed id each RAW 
amy. These signals ve genented synchronously 
by the system clock slpial. Read out data fyom 
..wchJlAW^ray.i? rr.tujned to the GPU and is - •- 
iiei^' in' thft'i latch. This chapter comparci the 
conventional RAW and STRAW for read cycie * 
perfomiince and write cyde performance when 
each device is lued as the RAW array in this 
system. The U-mode STRAW >vas used b this 
comparison. The vme comparison cut be 
made ustng the other two Types of STRAWS. 
For sjmpUJIcation, dock skew and skew 
between the system dock and STRAXS dock 
are ignored here. Only the essential signals 
required. to undentand system operation are 
considered. 

I) Read cyde for convention!; RAM 

Figure 7 shows the timing tftapam when * 
convcntionil RAW is used In the system model. . 
Addno signali forwarded by the system clock 
rofl along the signal tnnsmission paths to reieh 
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rU. 7-Sync» cycle for coa^Uoail lUM. 



s RAM array in 'rpinh) foJ'tJie fiflert e«e tnd 
/rpfmti) for the flowtsT oje, 
^ '=^7>ji-p: 2psj»jlon d£hnbul!on*ir::n:y'&c=an"-" 
i V r due to the followjni factors: 

0 £»ch RAM hay a dl/Tcrent Juicth sJpul 

trammSffien path from the CPU. 
ii) Input capaduiicc of the RAM tariei be* 
tween the maximmn md inlnbniixn 
values. 

iS) Speed of the C7U latch and CPU driver 
also have maxiiown andntintnturavaJuu. 

iv) The unit spud of the sssna) tiammiuion 
path itself hu ti certain distnbution. 
by the system dock. IL^ output data becomes 
valid aflcr the skew between the RAM mininiuni 
access time (/Armi»)) correspondtni to the 
fastest address alsnaJ (irotmii)) 'nd the RAM. 
maximum access time (fAtnn)) cojrtrpondins 
to the slowftst address st£nal(/foin St ))Jn Pis. 7, 



f^(„i^i»-assun}ed-to-be zero for simpUfieilioii.— 
After the }UM output beeomtt viUd, It nus I 
be held at the output for a certain pcsM of 
time so that tbe CPU can latch the daa lUs 
time is oDed 'noLDt 

The system cycle time (/cycdYS)) ^or 
convtntionil RAk is expressed as foliovn. 

• fCYCCSYS) ^ frOCikew) + fAbaai) fBOL0, 
where lro(«kt«> ^ skew of sipiaJs trahsnhted 
in the^steai and is liven by /fpcatxj -'^ratola)* 

As an cxaavpic, we applied the foUowing 
tsnsmptions to ettlimte the scttul Tcad and 
write cycle times in our system. 

The tnasmissoa skew from the CPU to ach 
RAM and from each RAM 10 the h 

* . assumed to have the same vahie. ^ 

A RAM having an access lime of 10m is 
assumed. , 
fHOU " 13 ns: • 
A RAM output valid time of 3 ns is assuned 
for the CPU to htch the data from each 
RAM. Thus, a data hold time of 13 ns 
is required for the RAM because of the 
previously assumed 10 as transmission skew 
(/?n(ik«»}) from the RAM to the CPU. 
Bued OB these assumptions, the system cycle 
time is as foDows. 

fcyctsys) " IOns+ 10ns 13 nso33&i 
' Although these values partly depend on och _ 
syst'cm'-dcjlin. iJiSs rcailj impiiti'' il»'at jUitf^"^ 
havinf an access time of )0m is degraded to 
about a three times slower cyde time Id the 
system. 

2} Read cycle for LL-mode STRAM 

The lystem cycle Ume when a STRAM is 
used in the same sysicm is evaluated belffw, 
Fifure 8 shows the timing diapam. The address 
siyialt axe conveyed to the STRAM with the 
same skew as assumed for the conventional 
RAM. After the STRAM dock edge is inserted 
within the required setup time (/s) 
address data is latched in the STKaM, RaM 
output data is read out within the address 
access time during the high CLX input state. 
AVhcn the CLX input goes low aficr ^Atwi),^ 
(i.e. after the output c!ata becomes va!?^} !Hs 
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diU rcmiijis on the ouljnit for ths d»u hold ^ 
time (/mold) btciu« the oulpui latch b e|p»ed. 
When the CIX Input U'high, the Injmt latch h 
closed. Thus, iddrcis npait can be chanted to 
.pnpare lor the next addrea after the required 
. hold time <lj|) cacpfaxs. 

Bised on the functions described above, 
the lyitan cycle tijne for the S73UM k* 
expressed as foUowi. 
^ ^_^ix_ Acvrfrrsi^^/AteA-*) 1/h4>:^-— 'St - . ; 
^ oi, 

J; 'CYCCSYS) " /S 'H /rDifti*}* 

The equation havSni the lai|cr taJue doraJ- 
nates the cyde time. A nnaUcx mine of tji can 
sho74en-<he cyde Uintl as indicated ^ the latter 
cqvBtJon, Is affccu ihe cycle lime calculation 
fn Opposite vays for the two equations. If we 
assume rii{niB)"2os and /a(»ii)> 'hold and 
'rsCAffv) bave the umc values as for the con- 
ventional RAM, we can obiato the optlmuin 
ff which mbdmlies the cyde time for .both 
equations. That is, 
. « 55 ns. 

Using this value, the system levd cyde time 
for the Lt*niode S7KAM b as follows. 

'crctrrs) " 10 ns-* 13 ns - 5 J MS ns. 

'M deaoJbcd ibovi, yjinj STRAW can 
result in a faster system cyde time than conven- 



Rl- ^SSrsttB wsltc cyda for cioSVcBEtoal RAU. 



tlonal KAX under the same sjiiem conditions. 
Althouxh these two types of RaMs have similar 
system access thne (/aUYS)) u shown in Flia. 7 
and 8, STRAM can improve the system cycle 
time due' to the timins overlap feature that 
cnaUea the addTCB to he chaased before system 
Bccea becomes available^ 
3} Vriie eydt for conventional RAM 

Figure 9 shows the write cyde timing dbgnm 
fo> «B n v e ntional RAM when addressjignali and 
the sipial ve transmitted to each RAM with 

_. ihe ssme amoimt ofslsnsl sl:ss;;'-. «i-Jrwfc]] Jti^.&w*! 

" that for write cyde tinUng in a conrentJond 
RaM» the required conditions for the address 
signal setup time (rjAWa))' «nd hold time- 
ifHAMm}) ^t]h respect to the WE signal and 
minimum pulie width (/vv(»aU}> ^ 
signal must be guaranteed. To meet these 
conditions in the system, the following Ifaning 
conditions must be met Ctee Fig. 9}: 

i) tiAtmi^} during of wE lipid after 
'ra Urns) the address signsi 

ii) /haiaIbI during 'rD(.|U} of the address 
signal after troimtu) of WE sijnaL 

iii) /wtaiO between tn{mU} «nd In^m} 
ofWEsignab 

The system cydt Chat sattsfies these cendi- . 
tiom is expressed as follows. 

/CYCOTSI " /CYCtet^kt) + 3 X irouk.^). 

the icYC(dr«ko >* *TJtc cyde lime of each 



398 



FUJITSU Sd Tech. JL.24. A, (Deermbcr 19881 



I 



C OhM: Stif-Timid HAH: STKAM 



ADD It . 
5TIUM. 




. o 




-x 

RAM. It Is «Jven by /s;i,;Bi8) + /wvtmlB) + 
'HA (»!•). Let u$ »MWfne that /cvcitfttko ^ 
10m. 

/CYCtSYS) " 10 1»* 3 X JOnsB^O nt. 

This indlcaici that the systeni leH cycle 
time csn be asreueh four limes that of the device 
levcL As the drrice pcrfonnince is improved, 
the ntio of signal skew in the total system cycle 
linic becomes Jarfei. Tlie other problem asso> 
cbted wiih ihc write cycle time of hifih-speed 
conrcntional RAM b the dirficulty in generating 
• narrow write pulse width under a large toad 
in the sj'siem. Even M this b possible, it b 
ver}' expensive. 

A) Write cycle for LX>mode STRAM 




Til. I3-4X s 4 S71UM chip (6 J am x 4 J bbX 



Tile tJndng diagram sho^ in Fij. } 0 s}iowi 
that the skew of ' the address signals and 
signal can oveibp because the W£ signal U 
held At the 5TRAM CLK input edge in addltioA 
to the addresssiinais.immebiaiciy after recejfing 
the low ^ signal, the internal pulse gensntor 
-autoroitJcally staru operating to guarviiee an 
lotenul write pulse that satisnes the xequired 
condltiom for the intcmi) aenip time and held 
time with respeet to the address signals. T^ese 
operations are Implemented during the OX 
input high Slate wjih respect lo the internal 
Addren and WI timings as shown in Fig. 10. 
The LL-fROde STRAM write operation can. be ^ ^ 
'^ciT^prctcd^-^lVhl.S" ilTe '^Mhir cur triput Mih ' ^ 
state period as the read cycle because a's^ntnl 
chaiacterulle of RAM devices Is that /wvtou) 
b abnotl the same as Uim^h Thb means ihit 

STRAW enables a write cycle time equlvafeiH 

to the read cycle time. Using the values pre» 
viously obtained as the 5TIUM read cycle tins, 
'CYC($YS) or the STRAM write cycle can be 
cxprcised as follows. . 

'CYCoyj) : WRI7I • fcycf$y$) : READ 
°l7Jn$. 

As menltoned before, use of STRAhl reduces 
the system level ufiit cycle lime to Ices than;, 
hair lhat of conrr ntioMi RAM. 

6. Development of IK x 4 and <K ;( 4 STRAM 

Figure II b a die ph?!c Rf -a-r K-*-fl-S7?iAM ^ — 
and Fig. 12 b a die photo of a 4IC x 4 STRA>I. 
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Tit^3. XI«iadamlczistlaeriXx4uid4Ki4 
LLrfno4i5T3UM 



■)JXii4ST1lAM . 

Fif. 13- 



Based on 'this die, fivte mbtfbns for the LL>. 
RR*, and RL-modcf can be manu/aetured uxint 
meial opiJon tcchnclosy. Both )0K ECL I/O 
and lOOIC 1/0 caa b<: tupperted for each mode. 
Hffure 13 ahowa that tha pin eonfjsunUon la 
common to each mi>de. Expansion from IKx 
4 Co 4K X 4 la pouibK 

Two cue input pins can Implement hijb- 
apetd dockini by tmni the CLX input aqd 
input jimultan toualy in the dlfTerenxb) 
• mo<i cr" Single^ crrfSw^iTi&d e^f th 6 dJC Wui or 
cud input la alxo poszibie by connecting CXJC o r 
cue to the faitcmal rcTercncc voltage (VBB). 

The proeeas tecOmolotiea used are the 
currently matiirc.30P*I] (Isolatlon by Oxide and 
Folyallicon) teduioloQr and 1 ion Uthotraphy.' 

The main characteriitJca for the LL-mode 
5TRAM arc listed la Table 3. 



Pmmttca 


Synboi 


tlC>4 
JTRAW 


41C.4 

smu. 


CycUUmc 


»crc 


9niml» 


IS nciln 


Oock puitt 


Wccw) 


( mmln 


lOumbi 


Addnn acccs tiroi 


'aiaod) 


framta 


lOfnintx 


Fewtf supply 
oimBt 


/a 


-38DmAfl)ia 



7. Conclu^on 

This ^eper Intreducea 5TRAM as a RAM 
havini a new cireult mrehl lecture that can 
provide hlfher per/ormanee In the system than 
conrentlonal RAM.*Thla Is achieved by addinc 
relatively iSmpIc eiHchlp latch or register drcuitt 
and a wiite pulse geaerator usias the aaie 
proees teehaolefif. A system model is wed to 
show that STRAM can improve the syslen ^dc 
speed by more taan twjce that of eoaventionsi 
RA>>L Thus, we can expect that STRAM wS be 
widely uaed as a staadasd donee in the fttture 
as a substitute for conventlonaJ RAM. S1RAM 
will sain a rcpuutlon as an indispensable tech* 
nelosy especially for hiiheripeed RAM devices 
because STRAM can avoid a!pu| skews Ihit are 
becoming a major factor in limitins the Improve- 
ment of system performance^ ^ 

Refereneea' " - 

J) Crahtm. A. and Stnde. ripeOned SuiSe RAM 
Endm Cache Maaerics with 1 ea Speedi. Go- 
tmiL Dtsltn, pp. tm70. Dec 37. (1 984^ 

J) uwbwk. jju -sysmi snacs shouidnt 

SLOW THE BOOM IN FAST STATIC RAMT. 
EUdftiMa, £0. l5,pp.6t«2,Jirtya3.(i9B7). 




Ch'3(a) OKne 

SlOJiar LSI On:«n D«pt 

f umrsu VLSI uMrrco 

Bvehtler of OmrenW 
A>VMw CtbUii UAlwthy 1*73 
Siwriamiiv In Dais'* ftf 
Ot««lapiMii •! ebela/ Mrmerht 
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FASTyPACKET BUS-FOlumCROKlOGESSGR STtSTQlS-WlTH^CACRES 



IficreAfiad alcroprocessor perforaance raquires increased proce6Bor<-tO'— 
Demory bandwidth. The addlclon of a cache with a line size greecer 
Chan one offero the highest processor perforoance at ths cost of still 
higher bus bandwidth requlrcaenta. A fast local bus is defined chat 
allows pacfcetlatd trimsfers that both aaximlse mettory subsysten effl* 
eleney and nlnlmlze processor delay during a cache line reload. 

In microprocessor syotei&s the processor needs to access oemory for 
both iTiG truer! ons and data. The access time of memory is Inversely 
proportional to the cost of the memDry - fast access nemory is avall-> 
able at higher cost than slower memory. A frequent solution is to 
provide a small amount of high cost fast memory and a large amount of 
lower cost memory. The small* fast oemory is called a cache, the 
performance of the eystem Is usually directly related to the memory 
subsystem average access time. The average access time is equal to th« 
percent of tine the cache memory is accessed (its hit rate) multiplied 
by its access time plus the miss rate multiplied by the access time of 
main memory. The hit rate of a cache can be Increased by either In- 
creasing Its slae (and cost) or using a larger line site. 

The cache line sixe is the number of bytes that are reloaded every 
time the cache has a miss. Since processors have a locality of refer- 
^ eTice, the neighboring words of the mlOBlng uord have a hiKh-pTobabiii-y 
.-*^of ar-bclng -required by the proceaaor in the near future. One disad- 
vantage of providing » line size greater than the system bus width is 
that It Increases the: number of transfers across the system bus com- 
pared to a line size equal to the system bus (because some of the 
neighboring vorda will not be accessed and would not have been loaded 
into the cache in nonial operation). The larger line size has an over- 
bus bandJi7tr' " reloads do not exceed the system 

A standard bus transfer takes two parts: the address portion of 
^he transfer and the data portion. The address specifies where in 
cl!!"^ perform .the load (store), and the data provides the existing 
contents of the memor)' location In the case of a load or contains t^f 
J-ndJiTr" l-«ion in the case of a store ' ^e'ZAll III 

J-ndwldth can be Increased If the transfers are packetlzed - one ad! 
ress portion is foHc«ed by several d.ca transfers with an understood 
4illll '^^^ ^» especially suitable for 

lull ^f'*"*^ operi.ting in pag« oodt. p.je mod. is ^ hj-her band- 
wtdth^e,l,od of .using the dynamic memory modules that aUoLs fa«ex 
eh! ? ^* locations vhen only a subset of the bIaIIa 

hrco'lJ'^^Jr"^ T -"-y regains con?tanT^vhUe 

column address can change). Using packet -od. .^.he master on Till 
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can specify a number of worda in a row. aligned an the word boundary 
corresponding to the sUe of the packet. The aeaory controUer (slave 
on the bus) then usee page node to deliver the resulting data words as 
quicUy as posslhla. By aligning the packet on Its packet site, the 
packet la guaranxced to reside within the sane tow of the nemory array 
so page node can be used, without packetlxlng the request, the memory 
-eoncroller cannoc use page mode unless It checks each incoming address 
ti'en"sure it Is In the saac row as the previous address. The time 
rtquired to compare each address as it cooes in slows down the memory 
accesses (even if the memory stays in page mode). 

Simply combining a cache with a line size (resulting in higher hit 
rates) with a packet transfer mode on the system bus (resulting in 
blsher bus bandwidth) may not increase the overaU syBtem performance 
as expected* TXxt problem arises when the desired word In the cache 
line is not the flTst word in the packet. In that case, the processor 
oust "wait" until the desired word in the packet arrives at the pro- 
cessor. With a packet size of 16 bytes (four n-bit dwords) the pro- 
cessor may have to wait for the completion of three dword transfers 
before the fourth dword arrives and it can continue processing. If the 
packet mode is not used, then the cache can directly request the dword 
ic is waiting for» but then the evtrall bus bandwidth Increase gained 
by packet mode la lost. 

k packet made compatible with different cache line sizes allows 
the use of a packet transfer mode during cache line reloads without 
reducing the processing performance of the system* This* is accom- 
plished by allowing the processor (or cache controller) to specify the 
starting byte In every packet transfer as well as the size of the 
packet. Then the memory subsystem supplies the desired word first so 
the processor can resume operation. Following the desired word, the 
rest of the packet Is transferred from the memory. In order for a 
packet mode to vork» the order of the words. In the pscket must be known 
by both the processor and the memory controller In^ advance . In a P^STrTn^^,;^ 
ferred.''lmpl'efienirstTon".-:-ehiB*^*flTOt'--^ £oirowi?o''*"ljr^''t«e subeeque^t"^*"^^^ 

ascending addressed words in the packet until the last word (highest 
address) in the packet is supplied. Then the beginning words in the. 
packet are supplied until the word that Is one less than the requestsd 
first word is transferred. Table I on the following page gives seversl 
sample packets of different sizes as well as starting word addresses. 

Once the gi:neral order of words In a packet Is known, the size of 'ij 
the packet can be altered dynamically. Dynamic packet sizing allows 
processors with different cache line sites to coexist. Another use of 
dynamic packet sizing is it can then be used for any bus transfer 
larger than a word - array, large datatypes, DKA transfers, etc. 

The advantages of the described system are as follows: 
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TABLE I 



1. A olcroprotcGsor packet bus vich dynamic packet sizes that inform 
the system neBory controller of how tnany. bytes are in the packet 
so the meeory controller can maximize memorv.and ever.*© Sus bond- . 

2. A microprocessor packet bus as set forth in I above wherein the 
spaclflcstlon of the starting byte within the packet can be oade 
such that Che jiacket sire of H bytes, the starting byte m will be 
followed by thi! next N-n bytes in ascending order and then start- 
ing over at the aligned 0 to m-l bytes. 

3. A microprocessor packet bua as set forth In I above wherein the 
starting byte within the packet is specified by the nonaal low 
order address lines. 

A microprocessor packet bus as set forth In I above wherein the 
size of the packet is specified by a plurality of signal Unes on 
the system bus. These signal lines also allow the coexistence of 
a packet supporting eiasters with non-packet supporting masters. 
The packet size signals default to I whenever the master does not 
assert a packet size. »".nos 
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A mieropfocesBor packet bu« ao sat forth In I above wherein the 
packet tiansfer can be preeopted by setting the packet else to a 
ninlBum value anytime during the packet transfer. When the packet 
transCcr is preempted, the sub-transfer in progress la considered 
the last 8ub-cratisfer o£ the packet, 

A nlcroprocessor packet bus as set forth In i abov« wheicia there 
la a packet acknowledge signal on the syaten bus allowing the 
coexletenee of packet-support Ing elavea with non-packet-suppottlng 
slaves. The uaa of the packet acknowledge signal allows a slave 
to signal to tha master If- It intends to perform a packet trans- 
fer. 
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Scalable Coherent Inierfaea^ 
DBHdB.GuitavtOB 



Stanford Unetr Acodentar Ccatar 
Btanford,CAM309 



Thi ScBUWe Cohereal Intdwa pnjed (tomftrty know at 

budwidlh on OByUW par pmtier. &fIid«Dt wppart ef a 
cobwnl dUtrihnUdocbft lmaf» ef aKartd B>eamTI ud 
•iip»ii&rMpMataMai,bui nputon and cis8X«i twitchoa 
iBtaiOTMetbu fik« BuTU. <^<fV er nul maban. 

8CI «baadoM lh» InmitdlaU KaadaKak* ehJtrmeiari»tie ttf tiu 
ma«Btfeftmte oHniM la tknt eft pukAt^buod pfotoebl. 
8CI atoIdB «lr»OSa« hreadcutft, snd «vui ax^Hauj pa<^ 
bus itroctam. exizpi tbat n lower pwfonamnrt A GBjMm 
Mr 6odblonc isstsad efper jirooeMor) iapleaulatien uimf 
t nfUtar lueitloB rial wcbilectun on 8 puihre *backplftu' 
appean to bo pOttiiUo tttSaffthe urns iatoCue aa for tht moic 
cosUx owlteb aatvwta. 

TMb papar pzaaaati ■ gamiaiir of cumnt dinettoBi. and 
laperta lha alAlua of tba WQilc in pinpttt. 



ZD&Efl&lfififiB 

SttparBna waa tba vorldai nama adoplod by a Sfeody Grenp 
usdtff tho atupCeoa ef Ibo BfioDpneosatf Gtasdardi Gonmit* 
.. lM(pi^^>^S^^j^uadiUp m SGsl find Bficroeoaputan tn 

began work in Novaabar 19S7 vnder tba laadaiahip of hut 
Swtauy of KatJonal Bemlnidoctsr. tta cboitor was to cod- 
aider tbe need (at cad laaaQ|ifify ef a rttj peribmaaflB 
"^ckplano bus,* to bo at leiut aa ordor of ina<idtvuIo more 
powezfiil than tbe azifliinf alaadazd bnsas. 

A eoasfe^esoa ef tho phjvfail aad logical eoasfraiBts ludi a 
•ystem oiusi naetia order te be niooenfVil waa tbe now naeie, 
6Cl (SoJaUe Oohenst latu&eeX bocattae it becaao cfear 
tbat tn^tional bu$ atractorM would not bo able to noel the 
deraaadseftheneit decade: the nal goal is to Intemnaaet 
fflaoxpowetAil proceifoii prtidQdlvtl7,ao that the total power 
of af7« tea can bo iaenaaedbfouafilj adding moreprooeucie. 

Our exasdAatian ef iha needi lareomputapower tobaedla rtal 
eaginccil&g probleau (ox* acndrxiasiic ifnulatloa er cinula* 
tba of laxge dnxiit dorigns) or phyila probUma (e^g. eveat 
r«eoaitnictio& is tha floperousdoetiag fioperCoIIidor) ibowed 
that a iiagia bos, e?en at 1 GByta^Mc* would be cDmpUtalj 

OopaHaeat of Bnwgr, 



inadeqiuata. Mnj buaea (aagnantatioa far panBaBaaOJofaad 
hf aaladlta lepaaton woaU be aeeaaaaiy. Or^baltarnt, M 
buses al al^ bat nthcr naa man load I ' 



* Work aupported hj tba 
contract DMO0a.768PO051b. 



MaayajthltectBreswbtdiwgBldboporlbcHir soHiftrtnry fan 
dB|lt bus beooaa ugty, tnaffVlBTtt tr jagrractiral ftr aaaan* 
bUcotefmulttpUlnMTlSLrDKiydoaeleeBle wdL Tbitt 
^catablflr teiloeta our eeaatniat (bat the ayatan be f***«*^ |y 

Xbheraat* iv&n to our jequiramtat far a Aslributed cai^ 
Bia&aqr eobereaco t&KbaaCB| ***^fl fr in te Ibai- 

devoloped far the TvXSSom, which can gnatl^ radaee the 
parfafmaneo east ef Intaipmiuser **nmiiiiirfftirn 

^atarfiKo* ccflods the gasaraHty ef our speeificatiaa, which 
puBita a given nednla to coBBoct te an unapedfled gnsnl- 
Ued lataiamacctiaaaechaBin, which miglhlbo a awftching 
oitwerk ef Bopef vadotts Uadi, a paaahre "baekfJaaa'fataiax 
e Rgister laaeitfasiafpercenodvaHr oftnaa Bdhftbnaaaw 
Icanseehen daecttyoa tha bachplaaeX 

m.. em ^,4— if-^i^-^ f rrtfnrt Trai antlinitinit tij Ibii nrffTT 
Etaadarda Board Is Oetnar lS8a» aad was aidpud tba 
auDber P169& 



, Ca»irr«itteiiai aiiaM At* Krar i'f.^r^Jpi;t>^> . 

Prasaatbaa BTSteaa am luaatBg dose lo pfaTiieal liBilta: eaa 
caaaot ipetd Iheffl up ffltt^ b^ tuning op the deck firequaoQf 
or incrtaoag tznasolTer speed or powv, imlass esa ahozi2ai 
Una c nntap cading^y. P^ t^m^fif^ thw yf.>ihi» tM*y 

HuBuBaEEEU96)pretoeoIs at25MHt,16tifflai theU99 
deck lot^ but allewt ealf faur •ockala isatead (he U9G% 
nxtaoa. Ifabttiisi]MBtaaeu|handla8ghU7le«ded,bc«as- 
eel w and legle apoada do donlaala asBoog ila wteus finSta. 
aad ae Its cwck rate can be iaacaaed 

Aa Aadaaeatal physcal liffllU an the speed efOghU which 
fioita (he propagaliee veledty of signals nui thusidds ddar 
te hsndiTiafcat; Ihecapadtaaea of coaaocten and tfinseeina, 
whldi ao ffislnrhs a busied signal traas&naaieD lias that (he 
"ideal (nrnimifiim Has ma^* u • imrj 
tadced; end akew, diiEsienees tn propagalioa ttna aaaDg a 
Buabtf ofpanllel sIsBals which l&nataas tobbirChaband' 
arr brhraan tueeeuivo data Iteas^ 

Other phTtia proUaau, such u cresatalk betveea tflMBat 
dgoals, are aueh Ms>*f to deal with aad have beecate men 
ocsaomiethaafuBdaaeBtaL IHstribBlioaef power aad gnosd 
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al,otothtocmter«y,>oi«oto wwHfic 



RCI AYPltfa 



thn tn Bwdified, becAUM tt» wiovii eoplM cm beeoae 
SmtwloSStnt 8weliow.iAe»on»x««a»oriMdl- 
fief dftUwfaUH other prooettOTi mb miaf, Jto ofterproert' 
»«lSTe to be BirHfiS that Oirir local eosi^ 
valid 10 that ths7ca&B«tmfttahoap7. . 

w^tr MM oflU «r«m dA U mifU aib t1 or be affMtAd bj th^ 

qmAiI impUmaatiax Ulends of ea^«Bcr, ivUcb ma; taea 
laiamnaaaiato yit, mar» wpUdt afbifltnrn tucb ti 
nttsan inat oeb li . ) 



A toirar pftifbnsiscD niPd«l conp»d> Om tepni tad od^qI 
MoVy of , ^«#^.>4 mrfg**" lo Cars • nfiiisr iaMrtfoa ila^ 
caa b« toybmetitnd ia minted witfat » » pudv* 
badEsbna ibtutias al Ivc csti Mt nnlti ia obI^ ana 
BylAtt tbTM^tpv bsd^iofit. 

Bvea thU bw-eosi^rmiaa U much tuitr than anr eilittnff 
bad^laae bai iTftem, to it tMou aUncttva aipedallr u • 
trassitum mfidal the ibort tana nrhfla jnooeuort praBfiM» 
atat&deostid 



Fubirebus and Fiitbitf bava foa« about ai Cbr at b bajiUa ia 
thsuaaefibandtraasmlnlan Haas atkb Cam bttset. 7^ 
m«al pnctica! way to da bettor wonld be to uat as aeUm 
k.>i^u-., wbSeb bas Craa*eeiif«r eUpi rnnnnrtftd diraeUr to 
tba boa tfasaaluiaa Uaaa «iUb no eanedan er itaba b»> 
tweea. lliiiirouIdiBlnlalxa Iba capadlaaea, aad anmldresuli 
b vaifiDna aa^ eoaataat leadiat i«bleh would aaka Itpouibli 
to compeaaata ifar tba Iradla; aad Biffoificaal^ ixspova tba 
transmiaitealia* behavior. Tba eaaaaiien weald be betweea 
. tha moduUa and t^ traaaeatran* aojtlia preaaaea at ibiafvoe?::;^. 
of a paiticular Bodale woold bare aa cfBxt oa the tsaaamlMloa 
liaa loediap 

As setiw badmlne tebema eould aba tuba Uvainsertloa aad 
raiaoval CBaitBU» if module poircr U eoatroUad bjr tba 
hirlrplwaa. Bowaror, maet catlaBian fiad the aetiv* 
badcplaaa frigbtealaf baeataaa ef Iba dilEailty of Ttplodar It 
ifa XaDme abauld emir aad tbua ft hae laedved UiUa eopport 
•ebr. 

Kat all bafkplasa pb jtlca pioblcms an noWed by Iba attiva boa 
ffffbawlgm* tba wira-OR ^lltcb wmild etiU a««ta dalajs 
whenever multiple drivan are pemi'tted to ba adire ea a 
siaile Uae.andbu8 lura-iroQnd<cbaivi!in4r from oaa driver to 
BBotbtz. u wbea duttgjng fcumieadtointtocriduBicbaM* 
laf maatexablp) would rM^ulia dale ji Jar dailar f 



We eipeet lo itaedarttM ea eaa msdula wbSib caa epenta 
%muSlf vveD la eltbar eaviieaBeal, le thai pieoaeaact tta 
maayvaadafecaabi developad aad ojad eSaetive]/ ia naU 
qaaaUliea at fiat* aad tbaa be aaoved iato a iwiiclb e8vfa«»> 
meal UBchiBfed vbaa avU^aa beeooa evaflafcla er aeeesiaqr 

or frm*T"*^^ ^ t*^™ njmMmHnw ' 

lUi provtdai I aaatiy t ra boa nd ed opgnde path Hb tj$im 
fxowtb, and ibauld create ea attnctivo marttt for tba aasB* 
faeturtr (hi^ velume) and Ibr the ui Br <lo« eoat due lo 
volume ftfld eoanpetitloa aannf maanlactann]. 

UaidineUoaal Baka aHacHvaly resiev* Iba iMtd-oMafbl 
barrier to a7ttearn>«tb: Ibe aTttea aStc aad dock tale are 
dkeettpled,aadtbei«aieoo9da*b7-<7elabaodabakca. ?byil> 
eel rigaaffing publcma ere greatly elmpti find becauae tbare 1> 
BlwaraeaediiTeraadeaareedvef^aleppeaUeeBdaoftbeliBb. 

Sicaala operate a tea£ly whether then la daU flowiag or aet» 
which malBe 11 aaay to uaa phaie lacked leme ftr data eoetza^ 
tieaUdeiMtlberBUBoatsrWQppmBbiBnqitdredX Tbii 
would make U poulble la efimiaata ekev eempleteljrby eaced- 
inr deck timiar with each 'data Hi traaanittad, altbeucb we 
do ael Ibiak thli wDlbe aeeeaeaiyyeiataolailiall ffifaByta/ 
MM tnoamiAjloa rata. 

A cen^ircbdi will ba diafaobuted aa a freqaeacy rdexcaca ao 
lhat oaly pbaM dafferaaoaa bava lo ba oonpaaaeted duriaf 
deU nbraetioa. OiffeivatSal ■<cnelHn|; pnbablr ECL but 
perhipi cumal^laerinf drivan iailaad, ruiilta ia eoMtoal 
euneat flaw beiweca eaaaeetad xaedalee. eaemaioly rimpB* 
4riar tba gnmad diitiibttlieB piafalea eempaied lo aacmal 



A bua ii iabareatly e bottloaoek beeeuao it ia abend by too 
mai^y preeeesete. Pireeaaaer thraoffapolii eoblfbeveatodaf 
that a few proceswn cea eaturate any boa. Heavy loidlnf 
euHeda the naere to loag walta. elewii^ tba whale ayetem. 

Iteeibre SCI iataada to abaadoa thebua aBM^aaBuala fever 



We pi aa touae B nanow ] 6-b>l data path il 3 oo^word (250 MRi 
dodk, both edfta eelivaK to eeaird Iba iaUrlae* IC pia<ouat 
pr^em end make iwitd) elenealj mere pfttetieal, Kate that 
'diffariatia]' IspHea 2 plna par aigaal, tad Staidimlieaaf • 
impHea 3 linka. eaa tor iapnl aad one for oulputt m we are 
lalUar ebout 64 plaa mlaimuffl for each SCI IntaihaB dicoil 
JuBloaltafiatead. A drndtfivaahlac twitch eetworhaBUal 
have at leul twiea that mtaj, and prefeiably four er dght 
timet, eo the {mportaaee af a aanvw data path beesmea 
obvloua. Aduallj.lbeiedeUUiawlUbeaceoapaaiedbra 
dod^ a Her bit, end probably a parity Ut to the aumbera an 
•onewbat laricr lhaa ttatcd ebe««. 

Madsn CCLdrcuila appear to Im rida h^fidle pe(&t-*^>polat 
traatfen at theee dale liilea, but aeme cere will be ivqiuixad 
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«ath Ujoat tad cansadon. 

Wa Bn tddmdas thfi bflca! pnMaaa ta uveral w^ji, tiTlac 
tp bra tka «jftaD dBdaak hr appnyiUU chotaoT pntonb 
nd toTl^to^n^^tmlin or d^dtoeki by pwlAaff 
Co'wd'fBOfnstt x~ 



•nia piDtaeol alEdfflcy tta be «J&d^ lb; totaal of tba 
■ Baekati i^leb abottld b« daalgaed to pitfvida Iba infonutloo 
CtCwwvte^Uatimwirfnfln Iba^^ 
cos&inuid ael» «UA gbonld Mlia tr m teh ^ nttitd BC2 
butaliDpnmdalbaflacBaaBiynedJUBlamafbrems^^ 

wltb other bous Ihiuujh iatoftw ^JSL?!? ^ 
duntt of fatoproceMar eommiialttliaB prWb*tt» too imm- 
pkor or lock Bodiaaisma. 

art ianuiila(644iiL addnaaiiic. with tbaUcbie UU luod 
for aodnle lalaetioa (ta ba azamlaed ot rmj Ucb ipaadX 

aCl eadkata franafer acalafaasm on6 b7tea,bot perail uae of 
nySnttrmnabaat BOltiMvmoi^t^gD^^inaM^ 
tut off 64, Ififl «Bd 256 by*aa>- nnWj « a paekit pnmdfti 
ftr lockoMfmliona«al»a.4or6-lT(**vtiblaa. naraoportad 
anaod widatorf ,'whidb nitoma tha onsiiuu Ttlue and 



itplseiittwitba 



(tttaftd tot HakadW tppeadX 



Fenvord-presnti maebsnlsmi try to runatee aUocatJoa of 
RBouRubtuciia way that hxtt cUik* cf trhfaJ d e adlwda 
caanot eceur. Por euiapK aasa tort of fttnltrnftn aontnl b 
needed to pravant osa uaer fintt boafafl all of tbo data 
tnaamliaion capad^ of Q twitch broak or a& iOMxtiofi'lbc 
' 6oma aart af aalae^Ta aecepUaea of paekala U 



Deaeauqr tD pravB&l ■ aatostad popular I ixvar fimffl da votiac 



aUiUmoomale osa near. AttiaamenjeetiBai] 
IBB7 ba aaedad la oider lo free f|noB la filled qnanea lor seta 
inportaat traffic Separmto qaitota an mafatoinfd tor n- 
qaeats aad-raapoaaaa* ao that as. weiioad af requeata eanaol 
block tba lupoaaesivbicb autbaaatlaerdarta Deaacmr 



-Wearedaxelopinf^caebacxdiEnflcseieehaai&ai rhfebacin* 
taiiu a dbtrflniled dircetary of turn of each dataitaza* to (bat 
vaij tbaaa who ura byar* to ba i»tlfiad wbas abarad data la 
modified BytlariaitUf dbtdiayuUakod-IUtpebUif ia 
aack pattiopatiar caeba, Ika itersc* n^alnd doaa Mt ka«tt la 
ba praaQoealad sad than ti no btbiaale Bait la powlb. 

Th% propoaad aacbaalam aeesaa timpla aaoagb tbat il tboold 
work, but It If not trivlaL Wa Boat carafbDr c^adt coner 
CBiea. ftucb as vhat bappaaa if una Doda daddai to rmofva 
ilaelf juat aa anotber la tr^ac to add Uaalf eato tha Uat 
Additiaaal ajitem traCBa la r»qidrad tor »y<nt*<***'»r cobar- 
eoee, but it is prapoitkaial ta thn iafonnatien tnaaftr traffic 
(about douUa br odtad itama). 'Hui aeeau a icaiaaabla eoat 
ia axchaaia fer tba much larsar faeler of paraUafiaa It makaa 
poaaibla, aad tar maviaf apiB-waU trafBe bto eacbea. 



Maay bova eontributed to SCTt devalopmaat aSfeady: ihou^b 
I cannot lift thojB all, X wiab to adoiowledfo a (ew coaUibu- 
tieea which w.t^ to me \z \» paiticulerlj ffi;aififa»t 



farouht ■ 



Paul fiwaaaay of Katiaal Baabea&etar bad tba asdedW lo 
tbiak tbat ii« Blfblba abb lo do aUn batter tbaa ov beeW- 
•oBa ernabadluat£alM Paitbaa aad Futerabua, wbfafc w 
IhoQibttobaUidbdnaialybylbaapaadcmiht. Ptadaba 
' ^ ■ (IttMgb vdontaadbr ot Iba adM ahanoo 
^d□a^Dbi^ wwt iwwdlnattmCbattaakfcrFttta^S 

PtttlBoitQl fifNctbaal SasdoBndodor, S^itnrBbBi cbainnttr 
waa tBatranoBtal ta ear aaralitinn of loob to omdi hlibar 
iTabmbaadwtdtbi KadtoaeaiadparanaHam thrpcgbtbaaaa 
oftwitehatiaiteadofihartdbaMS. Ba aad ether TttaiUicf 
reeeat bua itaadardi b i^ p fd tu b vadaitta&d tha — **t*frt 
fiaib and fhoa b meva from bosai br 8CL 

David Jaiaa^ erifSaaOy ef Bavleil Fadoxd and neeotb 
Appb Compniar, has bivuiht fnat laiSj(bi lab tha appxmsi- 
ate lygtamartbibctige tor SCTiaaeda, from ret iitBfaj idro 
archlbctuza b fiatiibvted cache cobenac7 aad fbnrar4pn|^ 
natmeebnbmL DavldbenrLeiUamjkQmpCoQidB^ 
tor i£31uurelae wiiHca matt of ear weaUar dnrnmanU 

Jeha Uonaaontby a finiader ofUIPB Obspvtan^ haa ftroHdad 
^ ^ ^j in«iy)i ty Mrf^^f Mfd V* ^^1* ln otdarCo 
nadarveoBwilbfiitBra tadodecrikaa helped put oa iatoodi 
iHtb lha apmpriab eapeib, aadbaa helped B^peaattohbBo 
aad asaem b earvaiboa pratatTpaja^kaa sMdok 

Biul SriiliBDaaB afKonk Dab haa proridad budcht fiva tba 
poiat ef vbw of tha implaaeatar, oooatdariBf tba implicatbDa 
ea actual chip aad iTatcia daalia. 

Phfl PBaUnf of CE3(K b Gaaara haa ptovidad etbdivB aad 
vUal eBBmvdatbB aad n^ibributba aarvIoM to our mai^ 
Eunpeaa partUpaab. 

Baai WSocta of Ra wia tt FadBDd Ubonbdea baa helped tia 
axaaba variaw phyrieal byasa, aad b eaaaldartBi tba iapU> 
cstboaefaacptlcalBbvfapleaDeatBlb&flfBCL 



Tba SCI pnoeet b meriar iBpuUf , Bad hat Al^^stad partld- 
^'psat^'from a^ay sT-the hlsh*pw£ntaiiiar''o^ ccmfk*" 
aiea. 'Ria pntpoaed n^t|D^ mechaaiasa appear b ba ladb* 
aicallj (eaBtUa (tbouiprnoi aatfatly fadvbD* aad thoa appear 
b adit btbal petaeob wbbh an ttsqpatlbb vift our gMb. 

The otjt phaae nfU ba a aora euuftd itu^y of the efbcb ef 
▼aibua compromliea aad eptialiatsoaa that eoold be applied 
toour bgleal prebeab, aad the aeladba ofaul tabb eoaaaebn 
aadpadtafjacanrhimiimi ThaTeb abtofwoiktebadaia, 
but tha eathualajm bval b Ufh and pn>Ereaabaabeaa tipid, 
10 ire art optimiiUs that we can echiava a werkabb ipedJua- 
tutab reowd Uaa. 

IfyovwonldUka bparttdpaU b IbbwaabaOf IfTOttWDuldUka 
Bote datailad tabnaattea, pbaa* eoDiad the astfac; ■ 

Da«id B. Quabnaa. 2SBS PldSS ffi»-*-»^n 
GoBpuUlba Ibaoaivb Clmip» bb 68 
StaiiM tinear Arabrmlor tetar 
Staabrd.CA 94309 U.aA. 
tel* (413) 926>2dS3 
fax: (416)3290626 
iiibet- SBCSaSLACvbi 
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Scalable I/O Architecture for Buses 

• - "DavW V. James 
Apple Computer 



ABSTRACT 

DIEE loWda on «te "J?^ "^?]^f5^^ 
ml tfie r 1596 Jmawonoa (lObyK^) « to d« pwom » 



1 INTRODUCTION 
1.1 SCALABLE BUS ARCHITECTUnES 
A nhWfl bos ucfafascBBt can be ipptkd to a mdc nnf e of bv 
icehnotojlies. OQeofthetownsibBteiBndef devdQ«aiii 
ihe ri3948crtaJ Bas ttfidMd lh« icriAl tottt li iBKntfcrf for 

tfie pftaJtry pmlkl taff fkOi. 
11w ioliJ bui to <rai4ibk B Kvnri btcMuo 
BuuEdvcnmKqabidWViailiiethebulcptu^ . 
|llgJlr*cl«» tfMmndudcnmMl liriil M*. u ilfamnial 



Low-Cost Inlereonnect 




PtSM — ^ 
(SertotBiM) 



AiMltf exuBpie li ihe PtSM SoliNe Co^cmu tnnfiee 
(SOX IMi bom of the U|bcn*pafoninncc bui rt indinfa 
under ddtlopRVfiL TUl lObTtt p(ilfli*ciypoist csnncciiSA 
sttndMI b iflteeded for ese U Mft^pcrfomuflce woife-nutoM 
tad iM^ntopcKOL. A npemopmBr GpuJd be bolli utlAg 
boudi dciIcMd offftaaQ/ (sr bl|b.peifwmuiee wvfc'itaiiftiu. 
To svait*. tt» BidtdamJ tfiued*bm bandwidrit UaUtiMn, M 
•edwe iwhdi b esed ID imcfGaMm ite sa boudt, u 
Obismtd bclowt 



HIgh-Perf ermaneo Intereonneet 




Ite piofxaed SQ fund^ defbiei the hitrfue heiwceii c«fc of 
die jbmids uddieaaNcfw^i^ _ . , 

' libac'two i waw o Mioj landiidi ihw tf* miw W 
AfcUiecBBn. Bjptppljrini M> Afchltemn<oetidtit«^ 
pofORRUBe fiBiu ibe lalibiliiir of dw VO AfdilttEnae iB» 



1^ SCALABLE COHPOHENTS 

The foosdaaoa of ifae K) Afchitcc&in b The letofbitf 
opcfitiont tsol ID Afuf ef dttj tnd cwiBol between ntHfr y 
auchcd 10 itte ba (or bo-like in mmnn ecO. 
Some ef die eiimni but mndviis provide eomplet b« 
openiiou. lu^ u doublf-linkcd-Uit'inicTt These us hud to 
iniplenieu OD Ujbef •ipced baset. or aeno bffc nnldpU bus 
ipieffl eoanftfttionk. 

Odttr buio bfik dte baik bus kck ^cndoai. nch U (he 
loid^w o p mooft. wfcieh b n wrif t r y » lynebrpnig the 
openiiaaol imlopraGcuerqriKfltt. Aiibiditoihe 



CM268fr^A9AXX)Ol0S39S0lA) O 1989 IEEE 



iiiilMiiiiliiiiii 
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Ib0c«lia1 



lO AitftaBPct tBilaWe aaorta epcndeni b 



Solitnitx b pstfaSy deSood br die tnnter of nsnetes « I 
togrf gndOKOtimbcrof bcantitscfae fynau. WIdtdM 
dfof pUf oni of VUl ctnaiia. imliMtneilaa bisitf^ 
tei0m.ti2hotfaBd»t»niicQ, At oyciintnal l uawrh 
ficflldea. tim rasms bm buttedj of diMDOCcrfoa teatfl 
The proposed to Ai^dniae c» ami cidicr • 
of hts^oni 00 1 oodcer ftUrft tambsef Mda In M 

SaJiUBv b »be deflacd t7 dBdacj er U> vnacdeot. 
A irabbk IX> AichbsenDt Mid fctoc te maafaaref 
m cm hnviiMr dbk K>. iM icdooe die dbpudh dm 
far iad> bawpTTWuupuiid PMA'duanht anMaBwe m 
todiof i h wyiuymbi. 

2 BUS OPERATIONS 
A baUbb itt of bu Bpeadottt BUB BanianalidAt boi 
nv4iJtk emeu vripnecM de^tnib uid ibe ftflHti 
mstitpraicaariyaem. ABefdaeapaMBdetcuto 



npyened* 

ScftUbbbttopoidonihiMiveplMMt. Thenquatphinb 
tuat o eiosftr idAcn ud ODnrBMd from dto ftqacMV • 
itetopoiidcr. IteienmEpittnbcitdiOfenimihcMaa 
6«ra diB iBs«idari» ew reqaotcr. Dcpendbl en dw bus 
MCMte. dm on bBnatCBntf to Oft nqoio «tan.e« 
Rt|«aM phut, w baft, u Otavwd below; 



Bus Operations 




RstporiM 



^ 



.C33:l"!lD;i 



Do Mo«v bttto. u die POM aerial bBi. dw raqiMi ud 
resf onte pbuei on be ineriBd Oa U|bcr*fccfqnniB8e 
kfinicomteea, Rcbu die PISM SO auadaid. ifcb b aec 

Blo:lc ie«d and wiiiB operuSona tnt miQiicd. ID efn^nlly 
inppcBi cached baaed pnoanrfyBEBU. Tb« block Ofwuftf 
lUci are J2. 64. l2B.er236b7tei. Theaddicisorabloek 
vwttali ahvayi attncd n> Ae Uoek dit. Lu|er blo^ iba 
—mid h»vcteailiffp km«ntt d. ba d«y wpuM gmecBaiarily 
va.gitifaBulir" 



nelieaiBi 
ladwiddi. 



die pTBcuoDbCara. 



iabu 



SmiU bjrtB. dosUc^ Biplet^oaadDc^ wd odKrcondguoua-bytt 
eipendoni aic needed byte Um adusn «tiich coMeet ID 
edidAI bu aondaidL nieie tub^ek oeendooi an 

I6b»wcfdttLb«iideeii|diB 

ndbru, lUibyvideedeo 



ttotifuoia nnp ef affaned . 
cip:ibiliqr b DhmiiBd taetow: 



Seleeted-Bsfte Operattont 




Wbbbtfie l$-by»blodt> uyi aiiiJf u oBimip<f b fi uiu i | bB 
affeded. 



Oo cneay of dte eabdof bua c 
b^TfTTmtndMMiitf^tdbbieqtKneeofboiopcnriwn; bet 
ewBoihlp b m^alned whUe die opendaa te^nenoe b bdflf 
m f tf iMd thfabeDn<nbcdv«fpr«iliisbteiiyta&bit 



A peefmtd sdmuw U o bnpkmtfa da kdwb&l0 19dia tt 
dwdaalaeulML IbeopenitoneQaBiaadipedflctdieimi 
»bepafmed. T))elbUowfa«tfo«BbekflpcndORiBn 




fie. 

lead iiore nevr* tot 

tofLstore V (tesi««oU} row- Mt 



The loaOwre lo^ b eccemo^ for cDmpaiSblZity «Ui cxbdai 
btties. Br Mndbfenea or icresiadttRspcnder, tidier o(6e 
pepd V icsdact er IsidAxlctf bui cpendaat OA cmlttd. 



Hie tQed_add lock b very, aefal fee eBees&ic fhv:^ 
WUhtbepiQpereaiveiitdKbdca"""' *' 
dtBsnuea hn^^en b dK twMi 

aioperfofiD 
inedinweH) 

dKa 



tbe ten.,iaDic ioBfc oeendoe 
nAked-lttt bocre. nittj 



3 NODE A0DRESS1NQ 
9.1 AODRESS-SPACB PAKTmOHlHQ 

A (Cftbbk 1^ AfcfuKCOR dttold be afla>«wfl(nfabb aj^ 
luppon eodi|0iboai m(h Urce aeafaen of bus Mdet. 

For ihc 6Mm iddrtas ipaee ef die piopeacd FI5M SO 
nandaid, dtc foal addftsi ipicc b tarie onofh n be eauBy 
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oajdanm d« erf a* note iddm»«pi« (Wl^^^ 
fXMtaaUoRAK 

BBiB iwtoi (WO rt» "dto l|««U 11180^ 



32-blt Node Addressing 





Sb« {b« inhUl »d6nn ipjoe b gafljmytabigfr 

taldi) idd«> ip^ OteRr ' 
bdlracdr. t ROM 



9 J BOARD ARCHrrCCTURE6 

A eodi b 6e tniiiBcunl CB^. «^ CM be iM^^ 



Board Architecture 




11» mnteor node AdOrctsei ea I botrt It tasfondirt 
dcRMlcBL Ty|^vdbaancilida|«rc«oMfttbaeM«M 

mndafds iR 1. 4. or I aodet per teudl 

coft eT tddim ipM mridet leAcrie bdJUa for 

tp>n U pw^deoBd iM0 ent or irot appOeidfMiijvcUW 

Xhmcnoncanabtt ihe ft|btcn ificuul »y i^eclflc l^driw 
lofmrb. EjutoIci ot fuAcUooi iislude ondupionuon. 
r.udUoUlKfUX tdtptm. 



3^ SUB.FUMCT10N PARTITIONINO 
BttBit ft* tpccfalbed beet devfet tRMteeaacL fiM defied 
deftmitfVObnaloiub beyond Ike Mope of riwVO 



iU»wL»ti. tttt opeaed taptawaittttaB gedd Km 

toOoerad Ok lO AithbcEBBc daittw 

h amUpkud rsMitoo (nch ti a Bnhipioccusr. «m^^ 
smfaipkur. or dlik conoolkr) »eiiU (mpped ID mddph 
leiiittf-utt. One itwed icfbitt n c«m dK thifcd 
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Sc^vize leciscr Kts u« nod o conml eaefe of Ac tachod 

tllecwOMiciliBKifcradidiiL ThbdUkooAooOa 
itftaeriftpifuonkili 



InStpftntfant Oavic* RaglsMNSsls 






— -@ 


Regfaiisr 

5«t!l 








gga Devioe Raghter S«ti 
Iga Centra} Cofttml 



Oa rBQ-^ui^ei tfwiea. iscb is in RS>133 lurdail. i tnmu 
itflsttr »a U tistfiied Ibr iho Iflpu Mid oiapat chund n cacb 



4 DMA AND irfTERRUPTS 

«.1 PP.OCESSOn INTERRUFTS 
Qnima) of tteciUda|bitinudiidi.siMdiIlisdhifdwM 
leadbluanipaiDibepwciMrftnBinWadqpia'. Oitarfea 
sttndndi tow o m iBiymiapeJ IntetruytK die Iwowipiii 



Slmpla Unlprocaater tntemiptt 



Processor 




•t/0 Adapter 


1 lnum«i«iQ 





. OaatflocUngMidtlprooasterMtniipta 




Prooessoi 




RrOOQSSOT . 





















laarawpBiancrqoGDtwiddbse 

dU^EbadftoiltipslMbftfiiiiddUia 



iasf 
• b 

4^ DMA CAPABIuneS 

4X1 HUterteal PcrapaeUva 

DMA (Dbeo Memnr Aran) b da^ly te mute of tfa faier 
oir of ijrm moBorx ondcr oeoflnot of Oe K> A4Siipar«ttan 
' i}b bvolvtcjun of > pooBuor* tote dosksftnxatfui 

Oo 1 vtma!)y idtoaed tycaa coBriywro PH A Piaftn m 



berwocs cicti ef die fBtO dumoAn 
Tp eliairuEe itett Ufuwoivy bimmck iddUenil DMA 
luntww gpiMggn. oIlBd iddita Ailainl. tia afta 
Movidbd TnpDMAhirdiritB Li duda iheCig*blIiyof 
ici^ilnj dt£t oruxftr winniindi CnxB WBooty, btssd ona 
nrnnnnd-Iin eoUur Udiiifind by te pracexn. TtecasBf 



On • pntzuor with veooRd Bxtonil bumupu. ihc liuemipi 
<tia ipeeifies At iounupt pfiiaiiy md Ac vector ditpudi 
addltu. 

MosiMfiwedisitmiptKheKf leilfipoerir. WhennulDpU 
i&tcmipo (re lent die Kceponeo of lowvpforiiy IniEmipB U 
dd«ycd «vfdk dis hi |her*priorti7 biimiipi bpraeasfi^Lm 



metnofy^Hnippcd bocmipo. dw ddi)r b gcnoil^ 
bysnninsiiaf dK witewUha'buy'saBu. laebitiywihc 
cpcfitioa b mried laidl acccpuL 

11» ddi«fd MPepuaoD Of iBOTvpo couU dndtod 
fBtddpfOiXmr qrusBi Fprexirep(e,iBbBEmipisBfwtce 
raodae Midi A kmo^pflotii; twEnvpi » tAahcr pncaioc. 
When iwopmeeaon cuenc Mimitiae ilnuItMeanily. die 



DIM Oats-Chalnlns 



I/O Adapter 



Pfooessor 




■ ^'.:U::'MiT''i' '.Memory ^ 
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r 



Ibe DMA cpvndM to hUmd a fellM 

L Ktenaywap. AHafad-BBoftocinrfgwaBmndt 



X TbcnwenlasoriteOakcd-fictbiRidtttd 
by * ttfitt » i/D idtpB^ dnoan itiiso. 

mnfty coqsdmSi (tOTtimmy* ItihcnviiufoBtfui 
t»|« taaOii»ipedfiedadd«in&|CL 



pfovct fitt pofonDtfici ol 



Tte iddretK'ulnioi lapibl&qr ta^fova te 

DMAMoukttktMiiUlfiodoOMAr 

DMAmmt lUAbtdfaUkaM — 
tmny hiA^^enmaet devtoo. u 
dolts tfruMne dm acqwUdea ijmt 

PrepDMd DMA Arehlltetur* 
Tepoe» nad dptiDM A nqwn^OepMA te 
able B ftdb fes mBsnndi ftvQ tDUiuy« vUvoa ptoOBW 
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oennd. l>KiutnItiibeaRivnadbyDMAhiidwifcnd 
eoRUbu ntaii «f dw eemplcud DMA «p«i{ani. 
gtttm m uicd » lAldiie tficDMA tcdvl^, u 



DMA Request Chaining 
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Processor 
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DMA Request Chaining. 
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Sbe* An iMitfwM lUttt has bcefi eopicd M aemery, 
' goTiddldoiul DMAeatrmindscuttfeiy 



Ite M« lOftti cn&y b ifuaisd into ihs foau On lolnf te 
t«t_Mier» lodt oyoidoft. nvmnuUnboaJAodnodlti* 
UroO mtaunm eoD ettkr. AtdwaDi lahwuB mdd picTs 
• FIFO (Snt la. Gm puO okMas. Ms U kuthr n Implariut 

Bjr «Bft»iR oonvtadoa, 6c tami Unny •IsDceetsia dm 
pnMdBd br tfie t/OMver sftviR. TUi tafeniudDa footOy 
iicludea dw ifUBriupi<dlipateh sddiui ind puvncftn. Uiini * 
iMi tatBmutloa. traonipu cut fee elTkfeadjr diipiKtol 
in lonmiaB cDnfifwuJim. ^ lamAm dlxauA it much 
loan tffleieat diia potttng Ike K> cwdi B teSiftftt 



BWo£at ilM fim void b ROM. tfB vetklmn 
bBpbnDsato B na^ L 1 cr 4 fewtts ROM la» cii^ 
4-liygcoog rfnttte ai. A tjftt-w&ROMcueaditote 



6 OTHER SCALABLE FEATURES 

on biqiaraa torn of Ae KihUc M> Aidtem hm 
becnducuued 1)m im odier ram «hkfi ImnMr^ 



Nf-Cn^R 1^ AlChtBC&Bl. 



Boot dcvkn (occr mda nAl j-^pMiHi^ a 

dciAot eo^ cn praecaor or tKNiA M P 



cxcBBd • lew laGDfidi, a ferwud-ftDtfOS Rflnr b opdued 
palotflaSj^ Byicadliff ttbieiUBr.itillintaikBf alMBH 
ntetecnduqiikUynabencfaaAenttlf- 



6 CONCLUSION 



Tbb ndaco Cie kKMwd derip tgort. becanio 
Implniefifluia»-i}»dJfe Btetbes t» esutOy cadoi B 
dUaowcr. Koiwcr.B^iaftvutRwrttBSBn imbed B 
B)|na berw«n lyRcD tut ou^irds. 

A pcfmvd Mhitoa b B bvut iha doK bUiOr. br ^vdtelAi 
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IKTROOUCrnON 

Dynamic Random Access Mtmoilsi fOAAM) tiav« svoivvd 
liom Riodereie-p«nefinince. law<osi ttorage media trto 
vtrsaiile sokJtbm (or a wue rtngt of appecatlons. Tfis o«nsr 
AC parformince. iha onater daniity, and iha rartaiy of 
ifcnftaciurea and access modes art drawing more system 
dis^ineia to leplaeo aBamtliwe stomga madia wlh ORAM 
airays. 

wutf data paths in mierooonputtr itystams and n«w ORAlyi 
dsntltlds exhaim tha eapabOnias of iha nrat-Qtftanillon 
DRAM cenironan. ihareby ^hflnQ rise to the nead tor 
oosl*enectlv«. Mgh^paifoimsnes n>»r soiuUans lor ORAM 
control. 

Tha physical dimensions, the signal (aveti, and Iha cnarva 
tterad In (h» tfy ramie msmory caBu are orsatly reduead to 
«»o«* d»o»Br .efksS^laaiaf ORAMi.^ VPlh 13n »5rfrf.!^^^ 
OimtnaloniC and tha growing manory tizaa, tha imamory 
systams ara now mora susceptible -to son enon thus, mora 
and more tyatem ^eaJgnora re{«lve to Inchida Error 
Detection and Corraoldn (EOAC) dnai&ry In their systemi. 

This paper prasards a new lamOy of dynamic RAM comroOars 
thai piDvidBseeononSGBlseuiora lor ORAM aystems. Also, 
a new tantHy ol &ior Osteoion and Corracdon devices 
laeturtng ine FtoW'Thfough ercAitiieuire Is descrtbeo and 
compared against tha mere ctimmon Biis>Wateii 
arcNtactura. 



A DYNAMIC RAM 

m a dynamic RAM system (soe fltpira 1). tpocfal dmifiry it 
naadad in tha addrasa/eoniiol path to oontrel the dynamic 
RAMt artd Inlartaea to Iha CPU. T>tla dreuO/y y«n«nitoa 
rafroth sddmaa: t mulUpiayas mw. eelumn. and rafraah 
sddressaa: and a drives the cenirt4 si^nls to the dynsmle 
fUMs. m addaion. B maiatas mfresi i eydes ai the rate ihst is 




Plguro t. A Typical ORAM System 



Moa svaBa&ie LSI dynamic RAM eafdroBers mske inaitsiiil 
tB pfovide a complete 'tfngle<hlp* loMtan tor dynamic RAM 
contni tnoorporatlno some Intarface snd accass/felreth 
anjiiraOon dicuilnr In tha oonuoDer Bsef. Unionunatalir. tha 
reoulrad timino and pmtoool lor system memory access ve^ 
signtncanUy Iromona CPU of system to another. The resul b 
Ihal Ift tha aRort to accommodate many dillerani systems, 
peitennanea is saertflced. T7W HatiblBty* of men corereBeii 
b aouaOy tha cause of their being comptai* nuftl'mode« 
pcmer-hurgfy devlcaa. Fufthtrmora. sJgnllcam "BhtS* loolo 
is gtlO naadad lor the IntaHace. aa b evidafit (rom tha 
ataborate appScatbn notes published wfih each and avery 
co/moliar. The compleiiiy ol the corttmnars. together wBb 
Dieir slow speeds, haa pushed many tystsm dssignafs ID 
mat« their omcDiBroilafi ushg -dbcrate* SSVMSI devlcaa. 



* PM. (R) II a legiiieied md» nark el Uenonnrc Heoioiies. 
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TWemOX FAMLV OF DIIAM OOMrROOCflB 

tn ttw <tovotopmsTt ol irra now taraSy ot controBm liem 
MonolQtilc M«mori0i. Tht 073 tOX dynamie RAM 
ComroOar/DfWer (flgufa 2) provides all tha dynamic OAM 
CMttftil furcdamthat dbralciiangatmrntystamtccystftMrL 
Thaia lundbni sn 

• Retmh a^irm o»naraUon 

t Row.eohinn.andnlmhftdtt«8$rrki&lplaf^ 

• RAS. CAS. end WE eomrol clgnsts ganarafion 

• MaiDDfy siray diMriQ. 

The ODitffDl alpnal tIfnIfiQ may be dartvad from axtamal 
sbnalt (EitafMlly Caitlmllad Aeeaat ineda); or. tot 
a»istrn iSOna aM laatar dynamie RAUa. b may ba 
•momawa^ OMMiatafl ay tha oomioliBr haa* (Ainsmane 
Aficaaa moda). To alkiw thi ayatam daatgnar praatar 
fimfefiay, na anampl wao mada to handto cyttanwdapandani 
handfhaka and aifalniUcn funcUona. 

Tba 679tOX optratvt m Ihraa modat: ExiamaOy ContfeBad 
Accatt, Automatic Aoceai. and Aaliaalt Tha EnamaOy 
CofliraOid Aecau mods Qfvat Uta ayatam difaa and flaiUa 
oomioi evar ma RAS. *^A£, and addran ouiputK. m M» 
rrodt ttM 67)10X semis as s sual^^oiward muUptoxer 
and dftvar to/ the addiess and eontrol al^tsl* to Ihe dynamie 
RAMI. The pra^assiter. tfeiayt and skews m (Ns mode are 
specffiatf to anibls ins system 0sii(jnerto arrtw si any 
control Umbig aaquvnee Mttri prsat resolution. The Externally 
ContiDiied Aceeu mods supports Psqs, Static Column, end 
Nbble mode aocaaset. 

The tlmmg paratnaters lor each et the tnree controllers aro 
specBled (or a load oomspondlno to tt dynamic Rams as 
wren as tor hlgnar loads. Ths 673104 can drive and address 
i6M6ytss ol dynamic msrrDry oioantzad In tour thanks of tour 
tjytat. The 673103 can sdorass 8 Mbytes o/Qsntzad in lour 
baniu ol two byies; wMe tha €73102. wtih 9 addrast 
^outputs, can address 2 Mbytes. Tatsie.l evhiblts ths 
dstarc r«i cont/onsrsD; trMi tenUy. 
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MULTIPUC CAStlfCAS CANNELS SIMPUFY LOGIC AND 
CUT PROPAGATION DELAYS 

In any system wim word-wide dsts (iB-bn or 32<WtK eBhsr 
byte may be aocassad. or several bytes may ba accaustf 
smtuHaneously. Al curramly avaOable controRars have only 
one CAS output. When a sinple-CAS dynamic RAM 
contraflftr Is used ip aocass woid-wids mamonr. ajdetnal to^ 
ts needed to spUt ttte CAS output coming out el iht 
GontfoQar and craate separate CAS tlDnals tor tha saperaii 
bytes ol Oia data word. Also, axtemal drivers are naadad to 
drive the CAS Inas. Tba ottamal bplc adds lo iba ayctem^i 
cNp oevM and tenglbens iba propagallDn delay ol die CAS 
alenals |aoa FlQUfe 9). For esampJe. bi deslQfis uaino • 
ampis^S cenirallar. tha added CAS delay Is 40ftt. 
dramatlcaDy Incraasei RA5IN to CAS delay (Iricl) 
deoradsa system peitomtance. The muQtple CASIN<CAS 
mpwl-output ehannaU ol the 673 tOX aOow a to directir 
access individual bytes, or any combination of bytes, wflh ne 
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